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Summary: Pharmacogenomics (PGx) has been utilized as a tool to improve a drug’s benefit/risk ratio and
the efficiency of drug developments. In order to examine what factors are involved to determine the level of
contexts (contents and descriptions) of drug-PGx biomarker information, we graded sections of Japanese
package inserts and US drug labels into six levels according to the importance of cautions in regards to
clinical practice and compared similarities and differences of the contexts between the two countries. Out of
54 contexts identified, 33 (61%) were graded differently between Japan and the US. The different contexts
were mainly related to metabolizing enzymes used in terms of safety, therapeutic areas other than oncology,
outcome before 1993, Japan-based companies having marketing authorization and no PGx data on the
Japanese population. We describe the potential reasons that could lead to the differences between the two
countries such as genetic differences and quantitative evidence in the Japanese population, and also discuss
future perspectives to improve PGx utilization in clinical practices in Japan.
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Introduction

Various genetic factors affecting inter-individual variability
in drug responses such as bioavailability, efficacy and safety
of drugs have been reported,1,2¥ and pharmacogenomics
¤PGx¥ has been utilized to improve a drugös benefit/risk
ratio and the efficiency of drug developments.3¥ As a result,
the number of drug labels ¤called package inserts ¤PIs¥ in
Japan¥ with PGx biomarker information has gradually
increased.4®6¥ Drug labels are the most fundamental docu-
ment to provide necessary information on drugs to
healthcare professionals. Therefore, to further promote the
proper use of drugs based on the concept of personalized

medicine, PGx biomarker information should be appropri-
ately included in labels.
In this study, we compared similarities and differences as

to the contexts of drug-PGx biomarker information in labels
in Japan and the US to examine what factors are involved to
determine the level of the contexts of the information. We
also discuss future tasks to promote PGx-based medicine in
clinical practices.

Methods

In this study, drugs with PGx biomarker information
included in their labels were selected based on the úTable
of Pharmacogenomic Biomarkers in Drug Labelsû publish-
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ed by the US Food and Drug Administration ¤FDA¥ ¤http:
//www.fda.gov/Drugs/ScienceResearch/ResearchAreas/
Pharmacogenetics/ucm083378.htm, accessed 14 July,
2011¥. The contexts of drug-PGx biomarker information
of the identified labels in the US, such as the generic name of
drugs, related biomarkers, therapeutic area and relevant
sections of a label, were compared to those of the
corresponding drugös PIs in Japan. The information was
obtained from the publicly accessible websites of the FDA
¤http://www.accessdata.fda.gov/scripts/cder/drugsatfda/¥
and the Pharmaceuticals and Medical Devices Agency
¤PMDA; http://www.info.pmda.go.jp/psearch/html/
menuðtenpuðbase.html¥. In addition, PGx biomarker
information found in unlisted sections of US labels was
also included for this study. However, the labels of US
drugs which did not actually contain any PGx biomarker
information were excluded from the study. Cases where
selected drugs or PGx biomarker-related indications/
usages, such as myelodysplastic/myeloprliferative disease
with PDGFR ¤platelet-derived growth factor receptor¥
treated with imatinib, had not been approved/marketed in
Japan were also excluded.
In order to examine similarities and differences as to the

contexts of drug-PGx biomarker information in the labels
for Japan or the US, we graded sections of the labels into six
levels according to the importance of cautions in clinical
practice ¤as shown in Table 1¥ and then classified the
contexts in the labels of the selected drugs according to the
grading. If more than one context is included in the labels,
the highest graded level was assigned.
We also analyzed associated factors that could cause

differences in the level of the contexts between Japan
and the US. The chosen factors for analysis were selected
based on data availability and were the biomarker type, aim
of biomarker use, therapeutic area, company type, year of
outcome in Japan and PGx evidence for the Japanese
population mentioned in Japanese PIs. Biomarker types were

categorized into: metabolizing enzyme, pharmacological
target of drugs, and others. Aims of biomarker use were
categorized to 2 types: efficacy ¤including information
about pharmacological mechanism and/or efficacy reduction
and/or lack of efficacy¥, and safety ¤including information
about pharmacokinetics ¤PK¥ and/or dose adjustment¥.
Therapeutic areas were defined following the classifications
in the table by the FDA, i.e., analgesics, antifungals, anti-
malarials/antiarrhythmics, antivirals, cardiovascular, derma-
tology-dental, gastroenterology, hematology, metabolic-
endocrinology, neurology, oncology, psychiatry, reproduc-
tive, reproductive-urologic, and rheumatology. Especially
for the oncology area, further improvement in treatment
is likely to require introducing novel targeted therapies
using biomarkers.7,8¥ For analysis, therefore, the areas
were grouped as oncology and others, in part to provide
a sufficiently large sample size. Company types were
categorized according to where the headquarters of a
marketing authorization holder ¤MAH¥ are presently based
¤in the EU & US, or Japan¥. The year of outcome in Japan
was categorized according to the periods before 1993,
1994®2003 and after 2004 ¤when the PMDA was founded¥.
PGx evidence in Japanese PIs was categorized into 3 types
according to the evidence in the Japanese population: data on
clinical endpoints available ¤PK data may also be available in
some cases¥, only PK data available, and no data available.
For each factor, the distribution of the number of the
contexts was compared between with and without grading
difference using the chi-square test ¤SAS software system,
ver 9.2; SAS Institute, Cary, NC¥.

Results

Basic characteristics of the context: A total of
78 contexts of drug-PGx biomarker information were
identified in the úTable of Pharmacogenomic Biomarkers in
Drug Labelsû ¤see úMethodsû¥. Three contexts ¤nelfinavir/
CYP2C19, timolol/CYP2D6 and tiotropium/CYP2D6¥
were excluded because we could not find any PGx
biomarker information in the US labels. Of the remaining
75 contexts, 21 drugs had not been approved/marketed in
Japan. Therefore, 54 contexts were included for analysis in
this study.
Table 2 summarizes the basic characteristics of the

identified contexts. Of the 54 contexts, the majority ¤56%¥
were related to the úmetabolizing enzyme.û Safety-related
biomarkers accounted for a substantial fraction ¤61%¥
compared to its counterparts. The most frequent therapeutic
area was oncology ¤37%¥, followed by psychiatry ¤11%¥,
cardiovascular ¤9%¥ and dermatology and dental ¤7%¥. There
was little difference in the proportions with regard to the
úyear of outcome in Japan.û The 13 ¤24%¥ contexts of
Japanese PIs contained data on clinical endpoints in the
Japanese population, while 6 ¤11%¥ of those only mentioned
PK data. There was no data on the Japanese population
available in 35 contexts ¤65%¥.

Table 1. Each section level in the Japanese package inserts
and the US labels

Level Japan US

1 Warnings ¤KEIKOKU¥ Boxed Warning

2 Contraindications ¤KINKI¥ Contraindications

3

Indication ¤KONO, KOKA¥, Dosage and
Administration ¤YOHO, YORYO¥, Precautions for

Indications or Dosage and Administration
¤KANRENSURUSHIYOJONOCHUI¥

Indications and Usage,
Dosage and

Administration

4
Careful Administration ¤SHINCHOTOYO¥,

Important Precautions ¤JUYONAKIHONTEKICHUI¥,
Precautions for Combined Use ¤HEIYOCHUI¥

Warnings and
Precautions,Warnings,

Precautions

5

Other Precautions ¤SONOTANOCHUI¥,
Clinical Studies ¤RINSHOSEISEKI¥,

Clinical Pharmacology ¤YAKUBUTSUDOTAI¥,
Pharmacology ¤YAKKOYAKURI¥

Adverse Reaction,
Drug Interactions,
Clinical Studies,

Clinical Pharmacology

6 No statement about pharmacogenomic
biomarker information ¯
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Grade classification and characteristics of con-
texts with/without grading difference: Figure 1
shows the graded levels of the contexts in Japan and the US
¤see Table 1 for the grading details¥. In the US, 8 ¤15%¥
contexts were graded level 1 or 2, which urged special
attention for treatment in clinical practice, while there
were only two ¤4%¥ similarly graded contexts in Japan.
Nineteen ¤35%¥ contexts were not mentioned ¤level 6¥
in Japan.
Characteristics of drug/biomarker-contexts are separately

described in Tables 3 and 4 according to the presence or
absence of grading difference between Japan and the US.

Table 3 aims to describe the characteristics of drug/
biomarker-context without grading difference. There was no
difference between Japan and the US in the level of 21 ¤39%¥
contexts. Most of them were graded level 3 and related
to pharmacological targets of anticancer drugs ¤e.g., C-Kit,
epidermal growth factor receptor ¤EGFR¥, Her2/neu, KRAS,
Philadelphia chromosome, PML/RARÆ translocation¥. The
aim of using these biomarkers was mainly for efficacy such as
an adequate patient selection in regards to drug admin-
istration. Other types of biomarkers of which contexts were
graded with a high caution level above level 4 ¤levels 1, 2,
and 3¥ were mainly for safety, especially risk minimization
¤glucose-6 phosphate dehydrogenase ¤G6PD¥, N-acetyl-
glutamate synthetase ¤NAGS¥; carbamyl phosphate synthe-
tase ¤CPS¥; argininosuccinate synthetase ¤ASS¥; ornithine
transcarbamylase ¤OTC¥; argininosuccinatelyase ¤ASL¥;
arginase ¤ARG¥, CYP2D6¥.
Table 4 shows the characteristics of drug/biomarker-

context with grading difference between Japan and the US.

Table 2. Summary of identified drug/biomarker-contexts

Number of total contexts ¤%¥
¤n © 54¥

Biomarker type

Metabolizing enzyme 30 ¤56%¥

Pharmacological target 18 ¤33%¥

Others 6 ¤11%¥

Aim of biomarker use

Efficacy 21 ¤39%¥

Safety 33 ¤61%¥

Therapeutic area

Analgesics 3 ¤6%¥

Antifungals 2 ¤4%¥

Antimalarials/Antiarrhythmics 1 ¤2%¥

Antivirals 3 ¤6%¥

Cardiovascular 5 ¤9%¥

Dermatology and Dental 4 ¤7%¥

Gastroenterology 2 ¤4%¥

Hematology 3 ¤6%¥

Metabolic and Endocrinology 1 ¤2%¥

Neurology 1 ¤2%¥

Oncology 20 ¤37%¥

Psychiatry 6 ¤11%¥

Reproductive 1 ¤2%¥

Reproductive and Urologic 1 ¤2%¥

Rheumatology 1 ¤2%¥

Year of outcome in Japan

Before 1993 18 ¤33%¥

1994®2003 11 ¤20%¥

After 2004 25 ¤46%¥

Company type

EU&US-based company 33 ¤61%¥

Japan-based company 21 ¤39%¥

PGx evidence for the Japanese in Japanese PIs

Data on clinical endpoints 13 ¤24%¥

Pharmacokinetic data only 6 ¤11%¥

None 35 ¤65%¥

Fig. 1. A pattern of the level of contexts of drug-PGx biomarker
information in the Japanese package inserts and the US labels
The contexts of drug-PGx biomarker information in labels were
graded into six levels according to importance of cautions in clinical
practice as shown in Table 1. If more than one context is included in
the labels, the highest level of the grading was assigned.

Table 3. Characteristics of drug/biomarker-context without
grading difference between Japan and the US (n ¦ 21)

Biomarker type Biomarker name
¤Number of contexts¥

Grading
¤Number of contexts¥

Aim of
biomarker use

Metabolizing
enzyme ¤6¥

CYP2D6 ¤1¥ Level 3 ¤1¥ Safety

CYP2C19 ¤3¥ Level 5 ¤3¥ Safety

G6PD ¤2¥
Level 1 ¤1¥ Safety

Level 4 ¤1¥ Safety

Pharmacological
target ¤12¥

Targets of anticancer
drugs* ¤12¥

Level 3 ¤10¥ Efficacy

Level 5 ¤2¥ Efficacy

Others ¤3¥

CCR 5 ¤1¥ Level 3 ¤1¥ Efficacy

LDL receptor ¤1¥ Level 3 ¤1¥ Efficacy

NAGS; CPS; ASS;
OTC; ASL; ARG ¤1¥ Level 2 ¤1¥ Safety

*C-Kit, EGFR, Her2/neu, KRAS, Philadelphia chromosome, PML/RARÆ trans-
location.
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33 contexts were graded differently between Japan and
the US, as shown in the table. All these contexts in the US
were graded to a higher caution level than in Japan. The
most common ¤n © 24¥ biomarker type was the úmetabol-
izing enzymeû with the likes of CYP, dihydropyrimidine
dehydrogenase ¤DPD¥, thiopurine methyltransferase ¤TPMT¥
and UDP-glucuronosyltransferase ¤UGT¥. Out of 18 con-
texts related to CYP mutations, 14 were not mentioned in
the Japanese PIs ¤level 6¥. The other 4 contexts were only
mentioned as a reference without any recommendation or
requirement in Japan ¤level 5¥, while some of those were
described more with caution in the US, such as elevation of
the drug concentration and recommended dose adjustment
according to the CYP genotype ¤i.e., celecoxib/CYP2C9
and warfarin/CYP2C9¥. Marked differences of the levels
between Japan and the US were shown in regard to five
contexts ¤clopidogrel/CYP2C19, capecitabine/DPD, fluo-
rouracil/DPD, abacavir/HLA-B*5701, and carbamaze-
pine/HLA-B*1502¥. They were graded level 1 ¤Boxed
Warnings¥ or 2 ¤Contraindications¥ in the US, while they
were considered level 5 ¤basically reference information¥
in Japan.

Comparison of contexts with/without grading
differences between Japan and the US: Table 5
shows the results of statistical comparisons of the contexts
for Japan or the US, with or without grading differences.
The different contexts were more likely to be related to
metabolizing enzymes, safety, therapeutic areas other than
oncology, outcome before 1993, Japan-based companies as
MAH, and no data available as PGx clinical evidence for the
Japanese. Of 24 biomarkers graded differently and related
to metabolizing enzymes, all except one ¤clopidogrel/
CYP2C19¥ were used in terms of safety. Nearly half
¤n © 15¥ of contexts relating to the EU & US-based
companies as MAH showed no grading difference in contrast
to Japan-based companies. Of 14 contexts which came out
after 2004 and were graded as identical between the 2
countries, 10 of these were related to the area of oncology.
Data on clinical endpoints were available for 11 contexts in
Japanese PIs without grading differences, and 10 of these
were related to efficacy as the úAim of biomarker use.û

Table 4. Characteristics of drug/biomarker-context with grad-
ing difference between Japan and the US (n ¦ 33)

Biomarker type Biomarker name
¤Number of contexts¥

JP grading/US grading
¤Number of contexts¥

Aim of
biomarker use

Metabolizing
enzyme ¤24¥

CYP2D6 ¤13¥

Level 6/ Level 5 ¤7¥ Safety

Level 6/ Level 4 ¤4¥ Safety

Level 6/ Level 3 ¤1¥ Safety

Level 5/ Level 4 ¤1¥ Safety

CYP2C9 ¤2¥ Level 5/ Level 3 ¤2¥ Safety

CYP2C19 ¤3¥

Level 6/ Level 5 ¤1¥ Safety

Level 6/ Level 4 ¤1¥ Safety

Level 5/ Level 1 ¤1¥ Efficacy

DPD ¤2¥ Level 5/ Level 2 ¤2¥ Safety

TPMT ¤2¥
Level 6/ Level 3 ¤1¥ Safety

Level 5/ Level 3 ¤1¥ Safety

UGT1A1 ¤2¥
Level 6/ Level 5 ¤1¥ Safety

Level 4/ Level 3 ¤1¥ Safety

Pharmacological
target ¤6¥

Targets of anticancer
drugs* ¤5¥

Level 6/ Level 5 ¤1¥ Efficacy

Level 5/ Level 3 ¤3¥ Efficacy

Level 3/ Level 1 ¤1¥ Efficacy

VKORC1 ¤1¥ Level 6/ Level 3 ¤1¥ Safety

Others ¤3¥

IL-28b ¤1¥ Level 6/ Level 5 ¤1¥ Efficacy

HLA-B*5701 ¤1¥ Level 5/ Level 1 ¤1¥ Safety

HLA-B*1502 ¤1¥ Level 5/ Level 1 ¤1¥ Safety

*Chromosome 5q, EGFR, estrogen receptor, Philadelphia chromosome,
PML/RARÆ translocation.

Table 5. Comparison of drug/biomarker-contexts with (n ¦

33) and without (n ¦ 21) grading differences between Japan
and the US

Number of
contexts with

grading difference
¤%¥

Number of
contexts without
grading difference

¤%¥

p value

Biomarker type 0.0048

MEa ¤n © 30¥ 24 ¤80%¥ 6 ¤20%¥

PTb ¤n © 18¥ 6 ¤33%¥ 12 ¤67%¥

Others ¤n © 6¥ 3 ¤50%¥ 3 ¤50%¥

Aim of biomarker use 0.0008

Efficacy ¤n © 21¥ 7 ¤33%¥ 14 ¤67%¥

Safety ¤n © 33¥ 26 ¤79%¥ 7 ¤21%¥

Therapeutic area 0.0025

Oncology ¤n © 20¥ 7 ¤35%¥ 13 ¤65%¥

Others ¤n © 34¥ 26 ¤76%¥ 8 ¤24%¥

Year of outcome in Japan 0.0104

Before 1993 ¤n © 18¥ 16 ¤89%¥ 2 ¤11%¥

1994®2003 ¤n © 11¥ 6 ¤55%¥ 5 ¤45%¥

After 2004 ¤n © 25¥ 11 ¤44%¥ 14 ¤56%¥

Company type 0.21

EU & US-based company
¤n © 33¥ 18 ¤55%¥ 15 ¤45%¥

Japan-based company
¤n © 21¥ 15 ¤71%¥ 6 ¤29%¥

PGx evidence for the Japanese in Japanese PIs 0.0002

Data on clinical endpoints
¤n © 13¥ 2d ¤15%¥ 11e ¤85%¥

PKc data only ¤n © 6¥ 3 ¤50%¥ 3 ¤50%¥

None ¤n © 35¥ 28 ¤80%¥ 7 ¤20%¥

aME: Metabolizing enzyme.
bPT: Pharmacological target.
cPK: Pharmacokinetic.
dOf these, 1 context ¤panitumumab/EGFR¥ was related to drug efficacy.
eOf these, 10 contexts were related to drug efficacy.
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Discussion

We investigated similarities and differences in regard to
the level of the contexts of drug-PGx biomarker information
in the labels both in Japan and the US. Moreover, factors
associated with the differences were examined. The level
of the contexts related to efficacy as the úaim of biomarker
useû was mostly identical between the two countries. This
would result from the fact that more data on clinical
endpoints, specifically for efficacy than for safety, were
available in the Japanese population as shown in Table 5
because efficacy data are critical for regulatory approval and
are usually collected from both the Japanese and the US
populations in clinical trials before regulatory submission of a
new drug application ¤NDA¥. Thus, it is indicated that one of
the most important factors to determine if the level of the
context in the Japanese PIs is identical to the US labels is
evidence which is related to clinical endpoints from the
Japanese population. This could also explain the fact that the
level of the contexts in the area of oncology showed fewer
differences because many of the oncology drugs investigated
in this study act on target molecules related to drug efficacy,
such as HER2/neu and EGFR.
On the other hand, our study also demonstrates a

remarkable difference in the level of the contexts between
Japan and the US. These differences could be partly due to
the differences in the standard format of labels between Japan
and the US because the standard volume and length are more
limited in the Japanese PIs than those in the US labels, usually
resulting in more selected and more limited PGx biomarker
information in the Japanese PIs. Other potential reasons to
lead these differences in the level of the contexts between the
two countries are discussed below.
Genetic differences: One of the reasons for the

differences in the level of the contexts is likely related to
genetic differences with biomarkers such as different allele
frequencies. For example, among úmetabolizing enzyme,û
which was the most popular biomarker type, the difference
was prominent in cases with CYP2D6, which is well known
for showing polymorphic characteristics.9¥ It has been
reported that a prevalence of poor metabolizer ¤PM¥ allele
for CYP2D6 is approximately 7% in the Caucasian population
but very low ¤g1%¥ in the Japanese population.10,11¥ This
different allele frequency may have an impact on PGx
biomarker information in different clinical practices in each
country and may contribute to resulting in the higher level in
the US and the lower level in Japan. Similarly, the very low
frequency of the DPD deficiency in the Japanese population
may also contribute to the difference.12,13¥

As another example, the HLA-B*5701 allele has been
reported as a useful marker to reduce abacavir-induced
hypersensitivity reactions in a Caucasian population.14¥ The
prevalence of HLA-B*5701 in Japanese, however, is very low
¤0.1%¥, compared with that in Caucasians ¤5 to 8%¥.15,16¥

The HLA-B*1502 allele, as a useful marker to reduce the

risk of carbamazepine-induced Stevens-Johnson syndrome
¤SJS¥/Toxic Epidermal Necrolysis ¤TEN¥, is also known
to have ethnic differences in regard to its frequency of
occurrence between Han-Chinese ¤8.6%¥17¥ and the Japanese
population ¤g0.1%¥.18¥ In these two cases, the low allele
frequency in the Japanese population may result in the
different level of the contexts in the labels between Japan
and the US. Furthermore, in the case of carbamazepine-
induced SJS/TEN, a recent genome-wide association study
in the Japanese population shows that the risk is associ-
ated with a different allele, HLA-A*3101, but not with
HLA-B*150218¥ suggesting that HLA-A*3101 may be more
clinically important than HLA-B*1502 in the Japanese
population. In September 2011, the PI was amended to
include this new scientific data on the Japanese population.
Quantitative evidence in Japanese population:

Some of the observed differences cannot be illustrated by
genetic differences. For example, patients with a variant
CYP2C9 or vitamin K epoxide reductase complex subunit 1
¤VKORC1¥ alleles are associated with lower warfarin
doses,19,20¥ and exist in considerable numbers in both the
US and Japan.21,22¥ Nevertheless, the starting dose adjust-
ment of warfarin according to a patientös CYP2C9 and
VKORC1 genotypes is only recommended in the US label.
The case of CYP2C19 is another example; the prevalence
of CYP2C19 PM is higher in Japanese ¤18 to 23%¥23¥ than
in Caucasians ¤2 to 5%¥,11¥ but some US drug labels
¤clopidpgrel, diazepam, drospirenone and ethinyl estradiol¥
include more detailed information about CYP2C19 poly-
morphism than the corresponding Japanese PIs. We
considered that one of the common factors to cause the
difference mentioned above could be a lack of evidence in
the Japanese population. As for warfarin and CYP2C9/
VKORC1, though some studies showed an association
between the polymorphisms and warfarin maintenance
dose,24®26¥ more evidence, specially an association of testing
CYP2C9 and VKORC1 polymorphisms with clinical efficacy/
safety, will be necessary to recommend the genetic test for
selecting appropriate dosage in the Japanese PIs. Similarly, a
recommended dose of clopidogrel or alternative drugs to
CYP2C19 PM for Japanese patients are still not well
established. As mentioned in previous studies in the US,5,27¥

there is a gap between published data and evidence such as
the clinical relevance of genetic association required to
change the contexts in drug labels.
As we described above, the genetic difference and the

quantitative evidence would be major factors to determine
the level of the contexts of drug-PGx biomarker information
in the label. A different level of the context for UGT1A1
between Japan and the US could be a case where both of
these factors were associated. UGT1A1*28 is a popular allele
among populations and has been reported to be associated
with a risk of irinnotecan-induced neutropenia.28®31¥ In
addition, the UGT1A1*6 allele also has been suggested to be
a risk factor in the Japanese population,32,33¥ though the allele
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has only been detected in Asian populations and not in the
US population.34¥ Therefore, the Japanese PIs mentioned the
*6 allele as well as the *28 allele. In this case, since data
from a prospective study to show the higher concentration of
SN38 ¤active substance¥ and higher frequency of neutropenia
in the Japanese subjects homozygous for *6 or *28 or double
heterozygous ¤*6/*28¥ allele were available,31¥ a specific
description to warn of the high possibility of a serious
adverse event ¤e.g., neutropenia¥ in such patients is included
in the Japanese PIs.
Others: Some other factors could also be involved to

cause a difference in regard to the levels of the contexts.
One such factor may be the availability of diagnostic tools for
genetic biomarkers. For example, the specific description of
UGT1A1 in the Japanese PIs described above was added
around the time of the approval of the UGT1A1 diagnostic
tool ¤Invader Assay¥ in 2008. This suggests that the
availability of a diagnostic tool for genetic biomarkers
has an impact on the context of drug-PGx biomarker
information in labels.
It should also be mentioned that the úyear of outcome in

Japan,û as shown in Table 5, may be related to the level of
the contexts of drug-PGx biomarker information in the label
because the difference of the context was more common for
drugs approved before 1993. This suggests that data for
PGx biomarker information in the Japanese population for
old drugs is more limited. It may result from a low incentive
for the pharmaceutical industry to accumulate data on
unpatented drugs and less communication focusing on old
drugs between the PMDA and the industry. In addition, the
higher percentage of the difference in Japan-based companies
as a company type shown in Table 5 could also be related
to the year of outcome in Japan because numbers for the
outcome before 1993 for Japan-based companies were
higher in the context with the differences ¤67%: 10/15¥ than
that without the differences ¤33%: 2/6¥.
A difference in the timings of regulatory reviews or data

packages may also contribute to the levels of the contexts.
For example, although the US label for panitumumab states
that detection of the EGFR protein expression is necessary
for selecting appropriate patients for the drug ¤level 3¥, that
is not a requirement in the Japanese PIs ¤level 5¥; it may be
related to the fact that the NDA review of this drug was
completed in 2006 by the FDA and in 2010 by the PMDA,
and the clinical data package for Japan included 2 new
clinical trials which were not originally reviewed by the FDA
in 2006.35,36¥ In these trials, no significant difference in
response rate depending on the state of EGFR expression
was observed. Hence, the PMDA concluded that not enough
evidence had been elucidated to utilize the diagnostic of
EGFR expression as a criterion for patient selection at
that time.
The reasons for all cases are not entirely clear; however,

complex factors of the reasons mentioned above could
contribute to understanding such differences, even in part. It

should be noted here that although we selected drug-
biomarker contexts based on the list by the FDA in this
study, there are several contexts available only in Japanese
PIs but not listed in the table by the FDA even if the drug is
approved in both countries. Further studies are needed to
examine similarities/differences in these cases, but our
preliminary study indicates that the results and discussion of
this study might not be highly affected.
Future Perspective: In order to improve PGx

utilization in clinical practices in Japan, we still have agendas
to be taken into consideration. First, an increase in the
number of biomarkers qualified by the PMDA is critical. The
ICH E16 guideline: úBiomarkers related to drug or
biotechnology product development: context, structure
and format of qualification submissionsû implemented in
January 2011 in Japan37¥ will facilitate data submission for
PGx biomarker information to the PMDA. Especially during
developments of a new drug, it is important from an early
stage to share the concepts of a biomarker among the
pharmaceutical industry, academia and the regulatory
agency.
Secondly, it is necessary to collect PGx biomarker data

on clinical endpoints as well as PK data on the Japanese
population, to provide healthcare professionals with
appropriate information in PIs. Therefore, examining the
relationships between biomarkers and clinical endpoints
during clinical trials is encouraged. In an era with the
globalization of drug developments, it would be more
practical to accumulate data on clinical endpoints with PGx
information in global clinical trials to evaluate similarities
and difference of such data among populations. For that
purpose, it is necessary to collect enough samples in clinical
trials in an internationally harmonized way for genetic
analysis, but there are still a wide range of variables and
requirements of sample collection in each country.38,39¥ To
promote sample collection and the accumulation of PGx data
efficiently during drug developments, efforts to improve
public understanding and perceptions about PGx such as the
need to perform a genetic test during clinical trials at a
global level are indispensable.
Thirdly, a reliable and convenient diagnostic tool for

genetic biomarkers ¤i.e., companion diagnostics devices¥
should be co-developed with a drug to practically facilitate
the clinical use of biomarkers. Basic research regarding
biomarkers and their diagnostic tools should also be
conducted taking into account the probable consequences
and actual situations in clinical practices. These approaches
will facilitate regulatory approval of highly reliable diagnostic
tools under the Pharmaceutical Affair Law in Japan. In
addition, developing economical genetic tests in terms of
cost-effectiveness is also important point for PGx utilization
in clinical practices, although this study does not focus on the
cost issues.
Finally, in order to accomplish the above-described

tasks, all stakeholders including academia, pharmaceutical
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industries and regulatory agencies, should work together.
Although the PMDA, the FDA and the European Medicines
Agency ¤EMA¥ have been conducting qualification meetings
for scientific consultation to promote global use of PGx
biomarkers,40®42¥ further international cooperation/collabo-
rations not only among regulatory agencies but also among
ethics committees, clinical trial sites, device industries of
genetic tests as well as pharmaceutical industries would assist
in promoting biomarker qualification, accumulating PGx
information in clinical practices and developing reliable
economical genetic tests. These efforts could also be linked
to a foundation of scientific consortia among the stakeholders
to efficiently provide PGx data.
Through the multiple efforts discussed here, the PGx

biomarker information in labels will be improved.
Continuous and timely updates of PGx biomarker informa-
tion in labels are important to promote the proper use of
drugs and to realize PGx-based medicine in clinical practices.
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