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Abstract 

Population pharmacokinetics (PPK) is a useful approach to the evaluation of drug 

pharmacokinetics (PK) in patients and is a widely used method for the evaluation of PK 

in clinical trials. PPK uses a statistical model to calculate population parameters, their 

variance, and covariates from sparse and unbalanced data in a large target population. 

Population parameters, such as clearance (CL) and distribution of volume (Vd) can 

subsequently be used to establish individual prescribing regimens for specific patients. 

Following the publication of a guidance document on PPK by the United States (US) 

Food and Drug Administration (FDA) (1999), the use of PPK methods for the PK 

evaluation of new drugs for approval in Japan and abroad has increased. Furthermore, 

post-marketing clinical studies using PPK analysis have been reported by medical and 

academic institutions in order to complement the poor PK information, thus increasing 

the available PK information. However, because, in many cases, PPK information is not 

indicated in the package insert (PI), which is a document referred to by healthcare 

professionals, they point out that PK information such as PK parameters and associated 

variable factors is insufficient. Against this background, in this study, we aimed to 

investigate the ways of effectively providing PK information using PPK analysis in Japan. 

We investigated the current status of utilization of the PPK approach in drug 
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development and the level of description of PPK analysis results in the Label and Clinical 

Pharmacology Biopharmaceutics Review report (CPBR) in the US, and PI, interview 

form (IF), review report of new drug application (NDA RR) and common technical 

document (CTD) in Japan, for new molecular entities (NMEs) approved in the US or 

Japan between 2012 and 2015. Also, we investigated what kind of new information was 

obtained in the post-marketing clinical studies using PPK analysis conducted in Japan 

and whether these PPK results were described in Japan PI and/or IF. 

We showed that there is still insufficient provision of PPK information for setting 

appropriate dose regimen in medical practice in both countries. In addition, we showed 

that many post-marketing clinical studies were conducted as a single-center and 

observational study in order to supplement deficient PK data. Also, most PPK results 

obtained from post-marketing studies were not included in Japan PI and/or IF presumably 

due to lack of quality of PPK models. 

PPK models constructed for NDA for approval are developed using data from 

subjects who satisfy certain inclusion criteria and therefore they can’t be applied to real-

world patients with various populations. If sufficient post-marketing clinical studies using 

high-quality PPK models are performed, PPK models based on patients with diverse 

backgrounds, which take inter-individual variability into consideration, can be 
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constructed. If data from PPK models that are applicable to patients in real-world settings 

are included in Japan PI and/or IF, by which useful PK information for the adjustment of 

dosage regimens would be provided, PPK information can contribute to the proper use of 

drugs and the promotion of individualized treatment strategies.  
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Chapter 1: Introduction 

Population pharmacokinetics (PPK), which was introduced in the International 

Conference on Harmonization of Technical Requirements for Registration of 

Pharmaceuticals for Human Use (ICH) E7 guideline (1993) [1], and ICH-E11 guideline 

(2000) [2], is a useful method to evaluate drug pharmacokinetics (PK) in patients. 

Publications, including the United States (US) Food and Drug Administration (FDA) 

guidance document on PPK (1999) [3], guidelines on clinical PK studies (2001) [4] and 

drug interaction studies (2001) [5] in Japan, have helped make PPK widespread use as a 

means to analyze PK in clinical trials in patients. PPK uses a statistical model to calculate 

population parameters, their variance, and covariates from sparse and unbalanced data in 

a large target population [6]. Population parameters, such as clearance (CL) and 

distribution of volume (Vd) can subsequently be used to establish individual prescribing 

regimens for specific patients. PPK analysis identifies the measurable pathophysiologic 

factors that cause changes in the dose-concentration relationship and the extent of these 

changes so that the dose can be modified appropriately when such changes are associated 

with clinically significant shifts in the therapeutic index [7]. 

Searching PubMed up to 2015 for papers on PPK revealed 4,024 papers, including 

reviews, with papers published since the FDA guideline of 1999 accounting for 86.4% of 

the overall (3,477/4,024), with numbers of papers gradually increasing each year. And the 

use of PPK methods for the PK evaluation of new drugs for approval in Japan and abroad 
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has increased [8-10]. In addition, post-marketing clinical studies using PPK analysis have 

been published in academic journals and presented in conferences by medical and 

academic institutions in Japan in order to complement the poor PK information because 

it is difficult to apply the PK findings from clinical trials to real-world patients with 

complex and multiple backgrounds. These indicate the increasing availability of PK 

information. On the other hand, healthcare professionals pointed out that provision of PK 

information such as PK parameters and associated variable factors in package insert (PI) 

is insufficient [11, 12] under existing conditions. 

PPK analysis results are useful to supplement deficient PK parameters and associated 

variable factors. However, no research has been conducted to compare the description of 

PPK analysis results in published documents in Japan and the US and to evaluate the 

value of population pharmacokinetic research in post-marketing clinical studies in Japan. 

In this study, we aimed to investigate the ways of effectively providing PK 

information using PPK analysis in Japan. In study 1, we investigated the current status of 

utilization of the PPK approach and the level of description of PPK analysis results in 

US-Label, US-Clinical Pharmacology Biopharmaceutics Review report (CPBR), Japan 

PI, interview form (IF), review report of new drug applications (NDA RR) and common 

technical document (CTD) of new molecular entities (NMEs) approved between 2012 

and 2015. In study 2, we investigated what kind of new information was obtained in the 
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post-marketing clinical studies using PPK analysis conducted in Japan and whether these 

results are described in Japan PI and/or IF. 

Based on the above studies, we discuss how we should effectively provide PK 

information using PPK analysis in Japan.  
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Chapter 2: 

Utilization of population pharmacokinetics in drug development and provision of 

the results to healthcare professionals 

2.1. Introduction 

The FDA guideline on PPK indicates that PPK analysis identifies the measurable 

pathophysiologic factors that cause changes in the dose-concentration relationship and 

the extent of these changes, so that, if such changes are associated with clinically-

significant shifts in the therapeutic index, dosage can be appropriately modified [3, 7]. It 

also discusses when to perform a PPK study and/or analysis, how to design and execute 

a PPK study, how to handle and analyze PPK data, what model validation methods are 

available, and how to provide appropriate documentation for PPK reports intended for 

submission to the FDA. There are no guidelines in Japan for implementing PPK methods, 

and no stipulations as to how PPK analysis results should be described Japan PI. 

US Label and Japan PI are legal documents in which the items to be described are 

set by law. They serve to provide information for the proper use of drugs to the healthcare 

professionals and are posted on the website of the regulatory health authority in each 

country. In Japan, drug information on Japan PI and IF is highly valued and used 

extensively in the routine work of pharmacists at some medical institutions and 

pharmacies. In these environments, it is hoped that the information provided in many 

sections can be improved [11, 12]. In particular, in the PK section, items highlighted for 
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improvement include pharmacokinetic parameters and the causes of their variances [11, 

12]. In contrast, other pharmacists do not take PPK analysis results into consideration in 

their work, and it has been reported that there are little comprehension and interest in PPK 

analysis results [13]. Therefore, even if PPK analysis results were listed in Japan PI, it 

may not be applied in all medical practices. 

Nakade et al. reported that the number of PPK studies among CTD and NDA RR 

was larger in the US than in Japan – 14.9% (10/67) in 2001 in the US vs. 5.1% (7/137) 

between 1999 and 2003 in Japan [8]. Patric et al. [9] reported in 2002 that no 

pharmaceutical companies listed the results of PPK analysis on their US-Label. In 

contrast, Joo et al. [10] reported that PPK analysis results were included in ~ 57% of 198 

documents submitted by pharmaceutical companies between 2000 and 2008 to FDA 

pharmacometricians. These reports suggest that PPK analysis results are being listed more 

frequently. However, little has been published regarding the listing of PPK results in 

FDA-approved drug reviews and US-Label or in Japan NDA RR, PI and IF, nor are there 

any published comparisons. 

In the present study, we investigated the current status of utilization of the PPK 

approach and the level of description of PPK analysis results in US-Label, US-CPBR, 

Japan PI, IF, NDA RR and CTD of NMEs. The aim of this study was to understand the 

state of utilization of the PPK approach in drug development and to discuss what kind of 

PPK information should be provided to healthcare professionals. 
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2.2 Method 

2.2.1 Data sources and extraction 

A list of approved products from the FDA and the Pharmaceuticals and Medical 

Devices Agency (PMDA) website was obtained, and, from this, NME products registered 

between January 2012 and December 2015 were identified. An NDA RR is released by 

the PMDA shortly after the approval of a new drug in Japan. US-Label and US-CPBR 

and Japan PI, IF, NDA RR and CTD were studied for each new drug. All documents were 

the latest editions available in June 2016. To identify products that utilized PPK, the active 

ingredient name, use of PPK, and description of PPK analyses were extracted from the 

product documents. 

2.2.2 Data analyses 

2.2.2.1 Utilization of PPK 

Products using PPK were identified and counted. The proportion of products using 

PPK was calculated for each year and for each document. These results were presented 

in a graph. 

2.2.2.2 Utilization of PPK by therapeutic area 

For analysis, NMEs were used for which a US-CPBR or a Japan NDA RR was 

available. These products were categorized according to the Anatomical Therapeutic 

Chemical (ATC) classification system, which was defined as the WHO ATC/DDD index 

(http://www.whocc.no/atc_ddd_index/) and KEGG DRUG 
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(http://www.genome.jp/kegg/drug/). The presence or absence of PPK analysis was 

determined in these documents. The number of products with or without PPK analysis by 

country (US or Japan) and ATC classification (primary level, anatomical main group) 

were presented in a graph. 

2.2.2.3 Descriptive content of PPK analysis 

Products that had PPK analysis results in US-Label, Japan PI and IF were used for 

this analysis. The descriptive contents of the PPK analysis in these documents were 

investigated and classified into six categories based on the presence of pharmacokinetic 

parameters (maximum drug concentration (Cmax), area under the blood concentration-

time curve (AUC), CL and Vd) and covariance. The proportion of each category 

contained within each document was calculated. 

The six categories are as follows: (1) individual patient PK parameters can be 

calculated from the model equation, (2) PK parameters are listed according to a patient 

background (such as weight or creatinine clearance), (3) PK parameters are listed, but not 

according to a patient background, (4) covariate is identified, and the necessity of dose 

adjustment by its covariate is stated, (5) covariate is identified, but whether it is necessary 

to adjust the dosage cannot be determined and (6) only information that does not apply to 

categories (1) – (5) is shown, or only the fact that PPK analysis was performed is shown, 

without further information. 
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2.2.2.4 Investigation into reasons why PPK results were not reflected in US-Label 

There are some products that do not include PPK information in US-Label despite 

US-CPBR containing statements about the PPK analysis results. The reasons for this 

discrepancy were investigated. 

2.3 Results 

Between January 2012 and December 2015, 152 NMEs were approved in the US 

and 176 in Japan (Table 2-1). Three NDA RRs, 10 Ifs, and 2 PIs, were not available, and 

these products were excluded from the denominator of each analysis. 

2.3.1 Utilization of PPK 

The percentage using PPK per number of NMEs was calculated (Figure 2-1). The 

percentage using PPK in US-Label and in US-CPBR increased each year from 43.6 to 

68.9% and 61.5 to 88.9%, respectively, with higher usage in US-CPBR than in US-Label 

in any year. In Japan, the percentage plateaued at 15 – 25% PPK data inclusion for Japan 

PI, and at ~ 50% for Japan IF and NDA RR. The differences between Japan PI and IF, 

and Japan PI and NDA RR for any given year was around 30 percentage points, 

respectively. Overall, the percentage of PPK reporting was higher in the US documents 

than in Japanese documents. 

2.3.2 Utilization of PPK by therapeutic area 

Since the number of approved drugs for each therapeutic area varies from year to 

year, the ratio of drugs using the PPK approach was calculated by ATC classification for 
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each country (Figure 2-2). Between January 2012 and December 2015, the number of 

approved products and the percentage using PPK were high for codes A (alimentary tract 

and metabolism), J (anti-infectives for systemic use), L (antineoplastic and 

immunomodulating agents), and N (nervous system). 

2.3.3 Descriptive content of PPK analysis 

The descriptive contents of the PPK analysis in US-Label and Japan PI and IF were 

classified into six categories as shown in Table 2-2. 52.3% (45/86) of US-Label were 

classified into category 4 whereas Japan PI most commonly fell into category 5 (48.4%; 

15/31), followed by category 3 (35.5%, 11/31). Regarding Japan IF, about 30% were 

classified into categories 3, 4 and 5, respectively. The percentage at which the PPK 

parameter was mentioned (classified as categories 1 to 3) in US-Label was 37.2% (32/86), 

37.8% (34/90) in Japan IF and 41.9% (13/31) in Japan PI. 

2.3.4 Investigation into why PPK results were not reflected in US-Label 

There were 31 products with no PPK results in US-Label despite having PPK results 

in US-CPBR. Review by the FDA pharmacometrics team confirmed that PPK analysis 

was performed in 29 products. Reasons why the PPK analyses were not in US-Label were 

classified: 32.3% (10/31) was because of “inappropriate PPK model/construction 

process”, 54.8% (17/31) was because “dose adjustment was unnecessary”, and 3.2% 

(1/31) was because “more information than that provided by the PPK analysis was 

obtained from other analysis results” and “there was inconsistency between PPK and the 
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results of standard PK study”, and 6.5% (2/31) were “unknown”.  
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Table 2-1 
Number of new molecular entities approved each year between 2012 and 2015 in the 
United States and Japan 
 

Country 
Approval year 

Total 
2012 2013 2014 2015 

the United States 39 27 41 45 152 
Japan 45 32 61 38 176 
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Figure 2-1 Utilization of population pharmacokinetic approach from 2012 to 2015 
 
A. US NMEs (N=152) 

 
B. Japan NMEs (N=176) 

 
US: the United States, PPK: population pharmacokinetics, CPBR: Clinical Pharmacology 

Biopharmaceutics Reviews report, CTD: common technical document, NDA RR: review report of new 

drug application, IF: interview form, PI: package insert 
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Figure 2-2 
Number of new molecular entities approved in Japan and the United States by Anatomical Therapeutic Chemical Classification 
code 
 
<NMEs US (N=152), Japan (N=176)> 

US: the United States, JP: Japan, PPK: population pharmacokinetics 

A: alimentary tract and metabolism, B: blood and blood forming organs, C: cardiovascular system, D: dermatologicals, G: genitourinary system and sex hormones, 

H: systemic hormonal preparations, excl. sex hormones and insulins, J: anti-infectives for systemic use, L: antineoplastic and immunomodulating agents, 

M: musculoskeletal system, N: nervous system, P: anti-parasitic products, insecticides and repellents, R: respiratory system, S: sensory organs, V: various. 
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Table 2-2 
Percentage of US-Label and Japan package insert listing population 
pharmacokinetic analysis details 
 
<NMEs US (N=152), Japan (N=176) > 

Document N 
Categories a) 

1 2 3 4 5 6 

US Label 86 
0 

(0%) 
2 

(2.3%) 
30 

(34.9%) 
45 

(52.3%) 
4 

(4.7%) 
5 

(5.8%) 

Japan 
Package insert 31 

0 
(0%) 

2 
(6.5%) 

11 
(35.5%) 

3 
(9.7%) 

15 
(48.4%) 

0 
(0%) 

Interview form 90 
1 

(1.1%) 
6 

(6.7%) 
27 

(30.0%) 
28 

(31.1%) 
27 

(30.0%) 
1 

(1.1%) 

US: the Unites States 

a) Categories 

1: Individual patient pharmacokinetic parameters can be calculated from the model equation; 

2: pharmacokinetic parameters are listed according to a patient background (such as weight or 

creatinine clearance); 

3: pharmacokinetic parameters are listed, but not according to a patient background; 

4: covariate is identified, and the necessity of dose adjustment by its covariate is stated; 

5: covariate is identified, but the whether it is necessary to adjust the dosage cannot be determined; 

6: only information that does not apply to categories 1–5 is shown, or only the fact that population 

pharmacokinetic analysis was performed is shown, without further information 
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2.4 Discussion 

The present study demonstrated that while PPK use in drug development in the US 

is increasing each year, there is no similar increase occurring in Japan. Moreover, there 

were fewer products for which PPK results in Japan PI and IF were considered useful at 

a medical practice level in Japan. There is still insufficient provision of information about 

PPK to the medical practice. 

The US FDA guideline specifies which PPK analysis results should be on the product 

label, but such regulatory documents do not yet exist in Japan. This is considered to be 

one of the reasons why PPK analyses are not included in Japan PIs. In December 2015, 

the Ministry of Health, Labor and Welfare of Japan released a draft guideline on 

PPK/Pharmacodynamics (PD) analysis [14]. This draft guideline specifies which PPK 

results should be included in Japan PI. In the wake of this guideline, we do believe that 

the situation of PPK in Japan will be improved. It requires future follow-up. 

Results of the contents of PPK analysis in US-Label, Japan PI and IF showed that 

there was only one product for which the individual PPK parameters could be calculated 

from the PPK model equation (classified as category 1) described in Japan IF, although 

many products listed data on covariance related to individual variance (classified as 

categories 4 and 5). The responses regarding the efficacy and safety after administration 

of medicine vary according to different patient conditions. This difference between 

individuals is primarily caused by PK and PD factors. To plan individualized 



24 
 

administration based on the differences in patient response, Japanese pharmacists want to 

obtain PK parameters, variable factors, and the range of variation from Japan PI and IF 

[10, 11]. The use of a model including PPK is useful for planning individualized drug 

administration. US-Label and Japan PI are documents designed for reporting to medical 

practitioners and should list information that helps determine individual PK 

characteristics. The information needed is not just the PK parameter population mean but 

also information on variable factors, the range of variation in such parameters, and if 

possible, the PPK model that can calculate each patient’s PK parameters so that 

individualized drug administration could be planned, if necessary. PPK analysis is a 

methodology that is used for individual administration planning; therefore, many reports 

show PPK modeling using concentration data obtained from clinical practice. If more 

information on the PPK model can be obtained from clinical trials, the administration 

plan for patients, considering individual background factors, will be available from the 

early stage of treatment. Furthermore, we believe it is important for healthcare 

professionals to understand what PPK is, what information can be obtained from PPK 

analyses, and how the procedure differs from the standard PK method. Healthcare 

professionals should collect as much information as possible from US-Label, Japan PI 

and IF, and if necessary, Japan NDA RR and CTD. 

For products that did not cite the use of PPK within US-Label but were recorded in 

US-CPBR, we primarily referenced the section of pharmacometric reviews. The 
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pharmacometrics review is a valuable resource used to identify problems in drug 

development and includes quantitative analysis results of drug exposure levels, efficacy, 

safety, and pathology. In general, pharmacometrics reviewers at the FDA start their review 

by evaluating the pharmaceutical company’s approach to supporting the regulatory 

decision. If the pharmaceutical company’s approach is found to be unsatisfactory, the 

reviewers conduct independent analyses [10]. In the present study, there were 31 products 

that did not cite PPK analysis on their US-Label, despite the analysis having been 

conducted. The reason for this non-inclusion of data was “PPK model or construction 

process is inappropriate” for 10 of the 31 products. There are various approaches to and 

interpretations of PPK model construction and PPK analysis results, which may also 

differ between FDA and pharmaceutical company. However, the pharmacometrics 

reviewers assess the PPK analysis of the pharmaceutical company with a view to ensuring 

that erroneous interpretations of the proper use of a drug should not be passed on to 

medical practice. The pharmaceutical companies should understand the FDA’s approach 

and interpretation from the publicly-available pharmacometrics reviews, and should 

actively provide information of the PPK analysis on US-Label, Japan PI and IF to promote 

the proper use of drugs in medical practice. 

In the present study, the therapeutic areas in which PPK approaches were frequently 

used were for anticancer agents and anti-infective agents. One reason for this is that 

anticancer agents and anti-infective agents generally have a narrow therapeutic range, and 
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a change in PK can have a big effect on both efficacy and safety. For anticancer agents, 

especially drugs with a molecular target, the target protein is clear. For anti-infective 

agents, especially antibacterial agents, the PK parameters are correlated according to the 

mechanism of action. In a therapeutic area with a clear PD index, it is possible to plan the 

dosage and administration for an individual. 

As a limitation of this research, we referred to US-Label and US-CPBR, Japan PI, 

IF, NDA RR and CTD – all publicly-available documents, but we did not refer to other 

documents. Furthermore, because “use of PPK” was defined as the use of PPK clearly 

written in the wording of the surveyed documents, the products that implied PPK data in 

the “dosage and administration” and/or “precautions” sections rather than directly 

mentioning it, might be missed. Moreover, although the usefulness of PPK to medical 

practice is discussed, the results of standard PK method and PPK analysis should ideally 

be combined to produce comprehensive PK for evaluation. In this study, we conducted a 

literature search for the situation in other countries, but we could not find any material. 

We would like to investigate it in future. 

In future, we expect the utilization of pharmacometrics, including PPK and PPK/PD, 

to become more common in drug development, and that by sharing the PPK model 

obtained from clinical trials promptly in medical practice, these data will be effectively 

used in individualized drug administration plans. 
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Chapter 3: 

The value of population pharmacokinetic research in post-marketing 

clinical studies in Japan 

3.1 Introduction 

Following the publication of the guidance on PPK by the FDA (1999), the use of 

PPK methods for the PK evaluation of new drugs for approval in Japan and abroad has 

increased [8-10]. Furthermore, post-marketing clinical studies using PPK analysis have 

been reported by medical and academic institutions in order to complement the poor PK 

information, thus increasing the available PK information. In the US, the PPK data are 

frequently listed in drug label, although this is less often the case in Japan [15]. Healthcare 

professionals pointed out that PK information such as parameters and associated variable 

factors described in Japan PI is insufficient [11, 12] under the existing conditions. 

A general limitation of PK data from clinical trials [16] is that it is difficult to apply 

the findings to all the patient populations with complex and multiple backgrounds. 

Therefore, PPK data obtained in post-marketing clinical studies can complement the 

existing information on PK parameters and their variable factors for the following 

reasons: (1) PK information, including that from studies conducted for NDA for drug 

approval, is often not fully disclosed by pharmaceutical companies [15], (2) PK 

information is rarely collected in post-marketing studies, though post-marketing 

surveillance and clinical trials on efficacy and safety may be required as a condition for 
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approval [17]. To date, the value of PPK research in post-marketing clinical studies in 

Japan has not been evaluated. 

In this study, we aimed to examine the value of PPK research in post-marketing 

clinical studies in Japan and investigated what kind of new information was obtained in 

the post-marketing clinical studies using PPK analysis and whether these PPK results are 

described in Japan PI and/or IF. 

3.2 Methods 

3.2.1 Selection of analysis object 

Clinical research papers using PPK analysis were extracted from the Ichushi-Web 

(Search formula; (“�
�
�����” or “�
�
���” or “PPK ��” or 

“population pharmacokinetic”) and “�	��”). We excluded studies conducted by 

pharmaceutical companies, studies conducted outside of Japan, studies on methodology, 

and studies with a different definition of PPK (e.g., palmoplantar keratoderma). As a 

result, studies on post-marketing clinical studies using PPK analysis in Japan conducted 

by medical and academic institution were extracted. 

3.2.2 Extraction and summarization of data 

3.2.2.1 Extraction of data 

We extracted data on the drug name, research purpose, number of centers, subjects 

and total samples, type of study and newly found information in the study from the 

published research papers. In addition, PK information was extracted from Japan PI, IF, 
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NDA RR and CTD (hereafter “Japan application data”) of the target drugs. 

3.2.2.2 Study classification 

The identified studies were classified by the number of centers (single, multiple, or 

unknown), therapeutic category, and research design (interventional, observational, or 

unknown), as well as by research purpose. 

3.2.2.3 Number of subjects and total samples 

From each study, data on the number of subjects and total samples were extracted. 

Next, the average number of subjects and total samples were calculated and statistically 

compared between single-center and multiple-center using a t-test (5% significance level). 

3.2.2.4 Newly found information from post-marketing clinical studies using PPK 

analysis 

Newly found information in each study was extracted and categorized as follows: (1) 

development of a new PPK model in patients in clinical practice, (2) identification of 

factors requiring dose adjustment, (3) modification of PPK model, and (4) Others. Also, 

PK information, presence or absence of PPK information and covariate information were 

extracted from Japan application data. Furthermore, we investigated whether newly found 

information from the post-marketing clinical studies using PPK analysis had been 

incorporated into Japan PI and IF. 

3.2.2.5 Quality of PPK research in post-marketing clinical studies 

We determined whether the studies in the present research met the following criteria: 
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(1) it was conducted as a multi-center study with more than 30 subjects, (2) unified 

measurement of blood (serum, plasma) concentration of drug was applied among 

different centers and throughout the investigation period, (3) blood samples were 

collected at around time to reach the maximum drug blood concentration following drug 

administration (Tmax) and elimination half-life (T1/2), (4) information on the 

construction of the PPK model and on the accuracy from the base model to the final model 

were provided, and (5) formula of the final PPK model was included. 

3.3 Results 

Of the 244 papers identified on the Ichushi-Web as of March 2, 2017, we excluded 

46 studies conducted by pharmaceutical companies, 10 studies conducted outside of 

Japan, 85 studies which were studies on methodology or studies with a different PPK 

definition. The remaining 103 studies were selected for the analysis. 

3.3.1 Study breakdown 

Table 3-1 shows the breakdown of the studies. Of a total of 47 identified drugs, 17 

drugs were subject to the therapeutic drug monitoring (TDM). Thirty four were classified 

as antibiotics (therapeutic category number: 8761) and 17 were classified as circulatory 

drugs (8721). Regarding the number of centers, 63 studies were single-center studies and 

23 were multi-center studies. For research design, there were 32 interventional studies 

and 64 observational studies. For the research purpose, 38 studies were conducted for 

“PK in a special population is not examined or insufficient”, 22 studies for “no or 
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insufficient reports, studies on PPK and PPK/PD” and 16 studies for “overestimation or 

underestimation by the current PPK model (including software)”. 

3.3.2 Number of subjects and total samples 

The number of centers was reported for 87 of the identified studies. The mean 

number of subjects and total samples for single-center and multi-center studies were 

compared using a t-test, and the results are shown in Table 3-2. No significant difference 

was observed in the number of subjects between single-center and multi-center studies. 

The mean number of total samples was significantly larger in multi-center studies than in 

single-center studies (p = 0.0028). 

3.3.3 Newly found information from post-marketing clinical studies using PPK 

analysis 

Newly found information reported in the selected post-marketing studies using PPK 

analysis are shown in Table 3-3A and Table 3-3B. 

The newly found information on the drugs for which information on PPK analysis 

had not been available in Japan application data (29 drugs, 66 reports) was mainly (1) 

development of a new PPK model based on patients in clinical practice (26 drugs, 54 

reports), and (2) identification of factors requiring dose adjustment (20 drugs, 34 reports). 

When we looked into the detailed breakdown of the information falling into these 2 

categories, “information on the patients’ PK” was the largest with 40 reports. Also, 

development of PPK models based on patients in post-marketing clinical studies in 
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addition to the patient standard PK information or to the PK information from healthy 

subjects in Japan application data were included in these categories. There were some 

cases where PK data was obtained for the first time using PPK modeling from post-

marketing studies.   

The most common newly found information on the drugs for which information on 

PPK analysis had been available in Japan application data (17 drugs, 36 reports) was (3) 

development of a modified PPK model (16 drugs, 24 reports), with many reports 

suggesting different covariates from those specified in Japan application data. Reports 

pointing out “different age group” include studies in which PPK models in pediatric 

patients were developed in addition to the existing PPK data for adult patients; those 

pointing out “different diseases” include studies in which PPK models for different 

diseases from the existing ones were developed. 

3.3.4 PPK related information from post-marketing clinical studies reflectable to 

Japan PI 

Among the studies subject to the present research, there was only one study whose 

PPK analysis data was shown in Japan IF. No PPK analysis data from post-marketing 

clinical studies were reflected in Japan PI. 

To investigate the feasibility of including PPK data in Japan PI and/or IF, each study 

was assessed according to the criteria defined in section 3.2.2.5. Six studies were found 

to meet all the criteria for the inclusion of PPK data in Japan PI and/or IF (Table 3-4A 
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and Table 3-4B). 
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Table 3-1 Study breakdown 
 
<All studies (N=103)> 

Classification Number of studies 

Number of drugs  47 
Therapeutic Category of Drugs in Japan 1 Agents affecting nervous system and sensory organs 12 
87 � 11 Agents affecting central nervous system 12 

 2 Agents affecting individual organs 26 
 � 21 Cardiovascular agents 17a) 

 � 22 Respiratory organ agents 8 

 � 24 Hormones 1 

 3 Agents affecting metabolism 15 
 � 39 Other agents affecting metabolism 15b) 

 4 Agents affecting cellular function 8 
 � 42 Antineoplastics 7 

 � 44 Allergic agents 1 

 6 Agents against pathologic organisms and parasites 39 
 � 61 Antibiotics 34 

 � 62 Chemotherapeutics 5 

 7 Agents not mainly for therapeutic purpose 2 
 � 72 Intracorporeal diagnostic agents 2 

 8 Narcotics 1 
 � 81 Alkaloidal narcotics 1 

Number of centers Single-center 63 
 Multi-center 23 
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Classification Number of studies 
 Unknown 17 
Research design Interventional 32 

 Observational 64 
 Unknown 7 

Research purpose c) No or insufficient reports/studies on PPK and PPK/PD 22 
 It is necessary to search for suitable dosage 16 

 Overestimation or underestimation by the current model (including software) 18 
 Insufficient consideration of influence factors 19 
 PK in the special population is not examined or insufficient 38 
 � Pediatric � 13 
 � Geriatric � 2 
 � Hepatic/renal impairment � 4 
 � Patient (including under special circumstances) � 13 
 � Japanese � 9 

 Others 9 

PPK: population pharmacokinetics, PD: pharmacodynamics, PK: pharmacokinetics 

a) A paper of an ingredient that therapeutic category of drugs in Japan corresponds to 21 and 22 was classified as 21. 

b) The 4 papers of ingredients that therapeutic category of drugs in Japan corresponds to 39 and 42 were classified as 39. 

c) When there are two or more items corresponding to one paper, it is counted in plural categories. 
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Table 3-2 Number of subjects and number of total samples 
 

<All studies (N=103)> 

 Number of subjects  Number of total samples 
 Number of data Mean ± SD p value  Number of data Mean ± SD p value 

Single-center (n=63) 60 56.93 ± 77.23 
p=0.1187 

 39 154.18 ± 127.77 
p=0.0028 

Multi-center (n=24) 24 84.17 ± 54.16  19 312.16 ± 259.13 

SD: standard deviation 
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Table 3-3 Newly found information from post-marketing clinical studies using PPK analysis 
 
<All studies (N=103)> 
A. Drugs for which information on PPK analysis had NOT been available in Japan application data (29 drugs, 66 reports) 

Classification Number of data Breakdown 

(1) Development of a new PPK model based on patients in clinical practice 26 drugs, 54 reports Patient 40 reports 

Pediatric 9 reports 

Geriatric 2 reports 

Renal impairment 1 report 

Japanese 1 report 

First PK information 1 report 
 

(2) Identification of factors requiring dose adjustment 20 drugs, 34 reports 

(3) Development of a modification of PPK model � � 
(4) Others 9 drugs, 13 reports � 

 
B. Drugs for which information on PPK analysis had been available in Japan application data (17drugs, 36 reports) 

Classification Number of data Breakdown 

(1) Development of a new PPK model based on patients in clinical practice � � 

(2) Identification of factors requiring dose adjustment 11 drugs, 15 reports 
 

Different covariates 13 reports 

Different age groups 3 reports 

Different diseases 3 reports 

Patient 2 reports 

Japanese 2 reports 
 

(3) Development of a modification of PPK model 16 drugs, 24 reports 

(4) Others 9 drugs, 12 reports � 

PPK: population pharmacokinetics, PK: pharmacokinetics 
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Table 3-4 PPK related information from post-marketing clinical studies reflectable to package insert 
 
<All studies (N=103)> 
A. Interventional studies 

Evaluation criteria The Japanese Journal of 
Therapeutic Drug Monitoring 
(2012) 29; 77-82 [18] 

Japanese journal of clinical 
pharmacology 
(1995) 26; 697-706 [19] 

Journal of Infection 
Chemotherapy 
(2008) 14; 130-136 [20] 

(1) Number of centers 2 ≥ 2 2 

 Number of subjects (total samples) 95 (101) 33 (108) 32 (145) 
(2) Measuring method HPLC HPLC HPLC 
(3) Validity of sampling points a) Yes Yes Yes 

(4) Method of confirmation of model accuracy - Residual of measured value 
and calculated value 
- Judgement by bootstrap 
method and OBJ function 

- Superposition of measured 
value and calculated value 
- Judgement by OBJ function 

- Judgement by AIC and OBJ 
function 

 Model construction information b) Yes Yes Yes 

(5) Final model formula Yes (CL/F, Vd/F) Yes (ke, Vd/F) Yes (CL, Vc, Q, Vp) 

HPLC: high performance liquid chromatography, OBJ: objective function, CL/F: clearance, Vd/F: distribution of volume, AIC: Akaike's information criterion, 

ke: elimination rate constant, Vc: central volume of distribution, Q: inter-compartmental clearance, Vp: peripheral volume of distribution 

a) Whether or not sampling points were obtained around Tmax and/or T1/2 

b) Information of software, construction and selection of PPK model, and background for covariate evaluation 
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B. Observational studies 

Evaluation criteria The Japanese Journal of 
Therapeutic Drug Monitoring 
(2015) 32; 188-197 [21] 

Clinical and Experimental 
Nephrology 
(2012) 16; 799-804 [22] 

Annual report of the research 
on nervous and mental 
disorders (1990) 288-292 [23] 

(1) Number of facilities 3 2 12 

 Number of subjects (total samples) 132 (292) 51 (353) 33 (107) 
(2) Measuring method FPIA (kit) HPLC FPIA (kit) 
(3) Validity of sampling points a) Yes Yes Yes 

(4) Method of confirmation of model accuracy - Judgement by Good of 
fitness 
- Judgement by bootstrap 
method and OBJ function 

- Judgement by 95% 
confidence intervals of 
estimates 

- Judgement by ME, MAE, 
RMSE and OBJ function 

 Model construction information b) Yes Yes Yes 

(5) Final model formula Yes (CL, Vc, Vp, Q) Yes (CL/F, Vd/F) Yes (CL) 

FPIA: fluorescence polarization immunoassay, ME: mean prediction error, MAE: mean absolute error, RMSE: root mean square error, CL, CL/F: clearance, 

Vc: central volume of distribution, Vp: peripheral volume of distribution, Q: inter-compartmental clearance, Vd/F: distribution of volume 

a) Whether or not sampling points were obtained around Tmax and/or T1/2 

b) Information of software, construction and selection of PPK model, and background for covariate evaluation 
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3.4 Discussion 

PK assessment using PPK methods was included in post-marketing clinical study in 

some cases, but many of them were based on observational research using TDM data at 

a single-center. In addition, despite the fact that PPK analysis was conducted for NDA for 

approval in many cases, the results are not included in Japan PI and IF. This situation is 

one of the backgrounds for conducting post-marketing clinical studies using PPK method. 

The present study suggested that PPK analyses were conducted in post-marketing clinical 

studies to supplement deficient PK data. However, we identified only one study, which 

was observational, whose PPK data was reflected in Japan IF. 

In order to improve provision of PPK information in Japan PIs, quality of PPK 

models included in post-marketing clinical studies is important. We would propose that 

such studies should be designed encompassing the following criteria specified at the 

planning stage: (1) it is conducted as a multi-center study with sufficient subjects to 

construct a PPK model, (2) unified measurement of blood concentration of drug is applied 

among different centers and throughout the investigation period, (3) blood samples are 

collected at around Tmax and T1/2, and at the publishing stage: (4) information on the 

construction of the PPK model and on the accuracy from the base model to the final model 

are provided, and (5) formula of the final model is included. If sufficient post-marketing 

clinical studies using high-quality PPK models are performed, PPK models based on 

patients with diverse backgrounds, which take inter-individual variability into 
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consideration, can be constructed. If PPK data are subsequently described in Japan PI 

and/or IF, they can be used by health professionals to ensure proper administration of 

medicines. 

A limitation of this research is that all the included data were retrieved only from the 

published material. In particular, the research design was estimated from the description 

of the data source and study method in the published paper, unless it was explicitly 

described as interventional or observational research. 

PPK models constructed for NDA for approval are developed using data from 

subjects who satisfy certain inclusion criteria and therefore can’t be applied to real-world 

patients with various characteristics. Therefore, post-marketing clinical studies are 

frequently undertaken by medical and academic institutions to complement the existing 

PK data, which are often insufficient. Furthermore, some pharmaceutical companies 

updated the PPK models by integrating clinical trial data, drug use survey data, and post-

marketing survey data [24, 25]. Therefore, if it is possible to ensure the quality of post-

marketing clinical study using PPK methods, new and/or improved PPK models using 

the data from these studies could be developed. 

If data from PPK models that are applicable to patients in real-world settings are 

included in Japan PI and/or IF, by which useful PK information for the adjustment of 

dosage regimens would be provided, PPK information can contribute to the proper use of 

drugs and the promotion of individualized treatment strategies.  
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Chapter 4 Overall Discussion and Conclusion 

The present study demonstrated that while PPK use in drug development in the US 

has been increasing each year, there is no similar increase occurring in Japan, and there 

is still insufficient provision of information about PPK to healthcare professionals. We 

also showed that although PK assessment using PPK methods may be included in post-

marketing clinical studies, many studies are based on observational research using TDM 

data at a single-center. In addition, though PPK analyses are conducted for NDA for 

approval, the results are not included in Japan PI and IF, and this situation is one of the 

backgrounds for conducting post-marketing clinical studies using PPK analysis. It was 

suggested that PPK analyses have been conducted in post-marketing clinical studies to 

supplement deficient PK data. However, we identified only one study, which was 

observational, whose PPK data was reflected in Japan IF. 

Pharmaceutical companies should conduct PK evaluation using PPK approach in 

clinical trials for NDA for approval and even more often in post-marketing, and actively 

provide these results including what PK information is not obtained from clinical trials 

on the published document for healthcare professionals such as US-Label, Japan PI and 

IF to promote proper use of drugs in medical practice. On the other hand, medical and 

academic institutions should plan a study to maintain quality of PPK models to meet the 

following points: (1) it is conducted as a multi-center study with sufficient subjects to 

construct a PPK model, (2) unified measurement of blood concentration of drug is applied 
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among different centers and throughout the investigation period, and (3) blood samples 

are collected at around Tmax and T1/2, and should publish the study results appropriately 

in such a manner that information on the construction of the PPK model, the accuracy 

from the base model to the final model, and formula of the final model is included. If 

sufficient post-marketing clinical studies using high-quality PPK models are performed, 

PPK models based on patients with diverse backgrounds, which take inter-individual 

variability into consideration, can be constructed. If PPK data are subsequently described 

in Japan PI and/or IF, they can be used by healthcare professionals to ensure proper 

administration of medicines. Furthermore, pharmaceutical companies should be able to 

update more useful PPK models by integrating clinical trial data, drug use survey data 

and post-marketing survey data, because they have a lot of PK and PD information of 

clinical trials. Therefore, if it is possible to ensure the quality of post-marketing clinical 

study using PPK methods, it is expected that new and/or improved PPK models using the 

data from these studies will be developed. 

PPK models constructed for NDA for approval are developed using data from 

subjects who satisfy certain inclusion criteria and therefore can’t be applied to real-world 

patients with various characteristics. Therefore, post-marketing clinical studies are 

frequently undertaken by medical and academic institutions to complement the existing 

PK data, which are often insufficient. If data from PPK models that are applicable to 

patients in real-world settings are included in Japan PI and/or IF, by which useful PK 
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information for the adjustment of dosage regimens would be provided, PPK information 

can contribute to the proper use of drugs and the promotion of individualized treatment 

strategies.  



45 
 

References 

1. International conference on harmonisation of technical requirements for registration 

of pharmaceuticals for human use. ICH topic E7. Studies in support of special 

populations: Geriatrics. June 1993. 

http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/

E7/Step4/E7_Guideline.pdf. Accessed 22 Dec 2015. 

2. International conference on harmonisation of technical requirements for registration 

of pharmaceuticals for human use. ICH topic E11. Clinical investigation of 

medicinal products in the pediatric population. July 2000. 

http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/

E11/Step4/E11_Guideline.pdf. Accessed 22 Dec 2015. 

3. FDA guidance for industry. Population pharmacokinetics. Rockville (MD): US 

Department of Health and Human Services, Food and Drug Administration, 199

9 Feb. http://www.fda.gov/ucm/groups/fdagov-public/@fdagov-drugs-gen/docume

nts/document/ucm072137.pdf. Accessed 16 Feb 2016. 

4. Clinical pharmacokinetic studies of pharmaceuticals: notification No. 796 issued by 

the Director of the Evaluation and Licensing Division, Pharmaceutical and Medical 

Safety Bureau, Ministry of Health and Welfare, June 2001. 

http://www.pmda.go.jp/files/000206738.pdf. Accessed 16 Feb 2016. 

5. Methods of Drug Interaction Studies: Notification No. 813 issued by the Director of 



46 
 

the Evaluation and Licensing Division, Pharmaceutical and Medical Safety Bureau, 

Ministry of Health and Welfare, June 2001. 

http://www.pmda.go.jp/files/000206743.pdf. Accessed 16 Feb 2016. 

6. Aarons L. Population pharmacokinetics: theory and practice. Brit J Clin Pharmacol. 

1991;32:669–70. 

7. Duan JZ. Applications of population pharmacokinetics in current drug labelling. J 

Clin Pharm Ther. 2007;32:57–79. 

8. Nakade S, Nakanishi M, Higuchi S. Current status of population pharmacokinetics 

and pharmacokinetic/pharmacodynamic studies in drug development (in Japanese). 

Japanese Journal of Clinical Pharmacology and Therapeutics. 2003;34:329–38. 

9. Marroum PJ, Gobburu J. The product label. Clin Pharmacokinet. 2002;41:161–9. 

10. Lee JY, Garnett CE, Gobburu JV, Bhattaram VA, Brar S, Earp JC et al. Impact of 

pharmacometric analyses on new drug approval and labelling decisions. Clin 

Pharmacokinet. 2011;50:627–35. 

11. Ogihara T, Kano T, Yamada K, Wada S, Morimoto K. Pharmacokinetics parameters 

in drug package inserts (1) (in Japanese). Journal of New Remedies & Clinics 

2008;57:54–61. 

12. Saito M, Hirata-Koizumi M, Urano T, Miyake S, Hasegawa R. Survey of hospital 

pharmacists’ opinions of current Japanese package inserts (in Japanese). Japanese 

Journal of Pharmaceutical Health Care and Sciences. 2007;33:442–50. 



47 
 

13. Sato H, Maruyama T, Otagiri Y, Mimura E, Kawakami K, Ikeda R et al. Evaluation 

of usefulness of population pharmacokinetics analysis results to community 

pharmacy – effects of smoking and gender difference on olanzapine dosages (in 

Japanese). Japanese Journal of Pharmaceutical Health Care and Sciences. 

2006;32:940–5. 

14. Draft guideline on population pharmacokinetics and pharmacodynamics issued by 

the Evaluation and Licensing Division, Pharmaceutical Safety and Environmental 

Health Bureau, Ministry of Health and Welfare of Japan, 9 Dec 2015. http://search.e-

gov.go.jp/servlet/Public?CLASSNAME=PCMMSTDETAIL&id=495150257&Mod

e=0. Accessed 9 Dec 2015. 

15. Watanabe-Uchida M and Narukawa M. Utilization of population pharmacokinetics 

in drug development and provision of the results to healthcare professionals. Int J 

Clin Pharmacol Ther. 2017;55:25-31. 

16. Rogers AS. Adverse drug events: identification and attribution. Drug Intell Clin 

Pharm. 1987;21:915-920. 

17. Doi O. Conditions for approval of pharmaceuticals. Pharmaceutical and Medical 

Device Regulatory Science. 2013;44:584-585. 

18. Fukumoto K, Kasai H, Tsuchishita Y, Kojima N, Kamakura S, Ueno K. Population 

Pharmacokinetics of Bepridil in Patients with Atrial Fibrillation. The Japanese 

Journal of Therapeutic Drug Monitoring. 2012;29:77-82 



48 
 

19. Aso R, Ohashi K, Katoh T, Ogata H. Population Pharmacokinetics, protein Binding 

and Antiarrhythmic Effects of Disopyramide Enantiomers in Arrhythmic Patients. 

Jpn J Clin Pharmacol Ther. 1995;26:697-706. 

20. Iwata K, Nomura K, Morikawa N, Ikeda K, Ohge H, Sueda T et al. Pharmacokinetic-

pharmacodynamic target attainment analysis of cefozopran in Japanese adult patients. 

J Infect Chemother. 2008;14:130-136. 

21. Tsuji Y, Ota Y, Kasai H, Hiraki Y, Yamada T, Matsunaga N et al. Population 

pharmacokinetics analysis of generic teicoplanin with MRSA or GPC infection by 

multicenter study. The Japanese Journal of Therapeutic Drug Monitoring. 

2015;32:188-197. 

22. Ishida K, Motoyama O, Shishido S, Tsuzuki K, Hashimoto Y. Population 

pharmacokinetics of mizoribine in pediatric recipients of renal transplantation. Clin 

Exp Nephrol. 2012;16:799-804. 

23. Miyoshino S, Tateishi M, Eda I, Shimomura M, Koike Y, Ebihara A et al. Setting of 

population pharmacokinetic parameters for optimal dose regimens of digoxin in 

patients with Duchenne type muscular dystrophy. Annual report of the research on 

nervous and mental disorders. 1990;288-292. 

24. Sato N, Miura Y, Mitomi N, Hayashi H, Suzuki H, SHibasaki S et al. Population 

Pharmacokinetic Analysis of Arbekacin Suldate inAdult Patients. The Japanese 

Journal of Therapeutic Drug Monitoring. 2010;27:98-110. 



49 
 

25. Nishimura K, Tanaka K, Osaki M, Morita K, Tanigawara Y. Population 

Pharmacokinetics of Theophylline: Postmarketing Study for a Once-Daily 

Administered Preparation (Uniphyl®). The Japanese Journal of Therapeutic Drug 

Monitoring. 2002;19:107-108. 

  



50 
 

Acknowledgements 

My heartfelt appreciation goes to my supervisor Professor Mamoru Narukawa, Ph.D., 

Graduate School of Pharmaceutical Sciences, Department of Clinical Medicine 

(Pharmaceutical Medicine), Kitasato University, whose comments and suggestions were 

invaluable for my study. 

For this dissertation, I would like to thank my reading committee members: Prof. Yuji 

Yoshiyama, Prof. Hiroshi Homma, and Dr. Kohichi Shinozaki for their time, interests and 

valuable advice. 

My special thanks go to Ms. Akane Takayama (ex-assistant professor), Mr. Masayuki 

Kaneko (assistant professor) and Ms. Takako Nakata (ex-assistant). Graduate School of 

Pharmaceutical Sciences, Department of Clinical Medicine (Pharmaceutical Medicine), 

Kitasato University, for their administrative assistance throughout this study. 

Last but certainly not least, I would like to grateful thank my husband Tatsuya for his 

understanding and encouragement for my study. 



51 
 

Appendix 

Appendix 1-1: Database for Study 1 (US) 

 



52 
 

 



53 
 

 



54 
 



55 
 

 



56 
 



57 
 

ATC: anatomical therapeutic chemical, PPK: population pharmacokinetics, CPBR: Clinical Pharmacology Biopharmaceutics Reviews report, -: not applicable 

a) Categories 1: Individual patient pharmacokinetic parameters can be calculated from the model equation; 2: pharmacokinetic parameters are listed according to a patient background (such as weight or creatinine clearance); 3: 

pharmacokinetic parameters are listed, but not according to a patient background; 4: covariate is identified, and the necessity of dose adjustment by its covariate is stated; 5: covariate is identified, but the whether it is necessary to 

adjust the dosage cannot be determined; 6: only information that does not apply to categories 1–5 is shown, or only the fact that population pharmacokinetic analysis was performed is shown, without further information 
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b) Reasons 1: inappropriate PPK model/construction process; 2: dose adjustment was unnecessary; 3: more information than that provided by the PPK analysis was obtained from other analysis results; 4: there was inconsistency 

between PPK and the results of standard PK study; 5: unknown  
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Appendix 1-2: Database for Study 1 (Japan) 
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ATC: anatomical therapeutic chemical, PPK: population pharmacokinetics, CTD: common technical document, NDA RR: new drug applications review report, IF: interview form, PI: package insert, -: not applicable 

a) Categories 1: Individual patient pharmacokinetic parameters can be calculated from the model equation; 2: pharmacokinetic parameters are listed according to a patient background (such as weight or creatinine clearance); 3: 

pharmacokinetic parameters are listed, but not according to a patient background; 4: covariate is identified, and the necessity of dose adjustment by its covariate is stated; 5: covariate is identified, but the whether it is necessary to 

adjust the dosage cannot be determined; 6: only information that does not apply to categories 1–5 is shown, or only the fact that population pharmacokinetic analysis was performed is shown, without further information  
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Appendix 2: Database for Study 2 
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TDM: therapeutic drug monitoring, PPK: population pharmacokinetics, -: not applicable 

a) 1: No or insufficient reports/studies on PPK and PPK/PD, 2: It is necessary to search for suitable dosage, 3: Over/under estimation by the current model (including software), 4: Insufficient consideration of influence factors, 

5: PK in the special population is not examined/insufficient, [-1: Pediatric, -2: Geriatric, -3: Hepatic/renal impairment, -4: Patient (including under special circumstances), -5: Japanese], 6: Others 

b) 1: Development of a new PPK model in patients in clinical practice, 2: Identification of factors requiring dose adjustment, 3: Development of a modification of PPK model, 4: Others 

c) 1: Patient, 2: Pediatric, 3: Geriatric, 4: Renal impairment, 5: Japanese, 6: First PK information, 7: Different covariates, 8: Different age groups, 9: Different diseases 

 


