
ゲノム医療実現化に向けた
国際的動向 (米英の取り組み) の紹介

国立国際医療研究センター
加藤 規弘

2015年2月13日 10:00-12:00
　ゲノム医療実現推進協議会

加藤構成員提出資料

CS976806
長方形



多型情報等に基づく、個別
化療養指導・健康増進 

GWAS 
Exome seq. 

全ゲノムシークエンシング(WGS) 
Deep seq. Error rate↓ 

希少遺伝性疾患／難病 

多因子疾患 
一部を除き、遺伝的情報(特にcommon variant)のみで発症リスク
を予測するのは困難 
→ 生活習慣病の“体質診断／療養指導におけるツール“としての活用
に期待 

遺伝情報のみで、発症前診断や 
(発症後の)確定診断が可能 
→ ゲノム網羅的解析により、原因

遺伝子変異の同定が加速 
→変異情報のdatabase化を推進 

1. 遺伝子変異の病原性に関する、解釈
上の不完全さの克服 

→ ガイドラインの必要性に関する議論 
2. シークエンス情報の技術的精度の向上 
→ 臨床検査としての品質保証 

指定医療研究機関で
の研究・試験的医療 

大学病院等での 
限定的医療 

新たなヘルスケア 
体制での先制医療 

がんの体細胞変異 
分子標的薬のコンパニオン診断薬 

科学的(医学的)根拠がどこまで得られるか 
安全性・倫理性がどこまで担保できるか 
が課題 

2015~ 2020? ~ 2025? ~ 

自己の全ゲノム情報を用いた
自主決定の支援システム 

[個人の医療情報として活用] 

2010~ 

次世代シーケンシング(NGS)のコストダウン／精度向上 

DTCでの易罹患性予測 精度の問題等から米国では保留 
DTC: direct-to-consumer 

課題 利点・現状 

ゲノム医療実現に向けた国際的動向・見通し 
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14/06/23 21:11Genomics England launched, mapping DNA to better understand cancer, rare and infectious diseases | Genomics England

1/5 ページhttp://www.genomicsengland.co.uk/genomics-england-launch/

Rt Hon Jeremy Hunt MP
MP for South West Surrey and Secretary of State for Health

Genomics England launched,
mapping DNA to better understand
cancer, rare and infectious
diseases

The government’s
major drive to
introduce high-
tech DNA mapping
for patients will
start by tackling
cancer, rare
diseases and
infectious
diseases, Health
Secretary Jeremy
Hunt announced
today, the NHS’
65th birthday,

alongside plans to
make the NHS a
personal service
for every patient.

Home !  News !  Genomics England launched, mapping DNA to better understand cancer, rare and infectious diseases

Posted on July 5, 2013 at 9:30 am"
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米国NIHのゲノム医療プログラム 
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FDAのファーマコゲノミクス(PGx)ラベル
に関する疾患別頻度 
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Genomes	  
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現状で、臨床的有用性の期待される 
「遺伝子型‒薬物」の組み合わせは266組
（266種類のgenetic testing）程度  

2013年 英国のゲノム医療戦略 
1.  UKバイオバンク 
2.  層別化医療 
3.  10万人ゲノム計画  

米国・英国でのゲノム医療実現化への取り組み例  

cancer,	  rare	  and	  infectious	  
diseases	

2006-‐2010	

2010-‐	

2013-‐	

2	



2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Genomics 
GWAS 
NGS 

(next gen.seq.) 

他のomics 
Phenotype/ 
環境 (暴露) 

医療情報 
(電子カルテ) 

臨床応用法 
(ELSI検討含む) 

希少/未診断
疾患 

がん 

新生児 
PGx 等: 臨床
での試験的導入 

人種比較 
(共通性/ 
異質性) 

Exome seq. (主に研究) 
NGS (診断活用) 

→ Consortium-based GWAS 

DNA methylation 
(Epigenomics) 

Exposome 
PhenX：形質 (phenotype) と環境暴露 (exposure) の指標 

eMERGE PhaseⅠ  eMERGE PhaseⅡ  

The Cancer Genome Atlas (TCGA) 

未診断疾患program 未診断疾患network (UDN) 

Metabolomics 

国際希少疾患研究consortium (IRDiRC) 

ゲノム学と疫学を用いた人種構造 (PAGE) 
consortium：アジア系含む6人種を対象 

PAGEⅡ 

人種横断的メタ分析consortium 

IGNITE consortium (PGx等の試験的導入) 

NSIGHT (新生児sequencing) 

米国NIHが主導するゲノム医療実現に向けた取り組み例 

Clinical Sequencing Exploratory Research (CSER) 
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(e.g., survival and quality of life
after the occurrence of cancer16).

By using advances in genomics
to address global public health
problems with complex environ-
mental causation,17,18 we can as-
sess whether existing strategies
(e.g., medications; social, behav-
ioral, and policy interventions) will
work across all segments of the
population or will need to be
modified on the basis of individual
susceptibility and disease molecu-
lar subtypes. The outcomes of
such assessment can reflect the
added value of genomics in ways
that may not necessarily lead to
new therapies or genomic testing
for individuals or population
groups. For example, Mendelian
randomization19 could identify
environmental factors amenable
to intervention at the policy level,
for example, by helping to deter-
mine maximum allowed exposure
levels among the most susceptible
population subgroups.20 More in-
tensive environmental or behav-
ioral interventions could be tar-
geted to susceptible groups.
Clearly, discovering the genetic

components of disease and other
health outcomes is not sufficient. A
population-driven, multidisciplin-
ary research agenda is needed to
establish whether these discover-
ies merit a place in the armamen-
tarium for disease treatment and
prevention.

A multidisciplinary research
agenda is needed to fill in knowl-
edge gaps beyond bench to bed-
side, that is, from the bedside to
improved population health. Pub-
lic health and health services re-
searchers tend to view transla-
tional research as a process for
developing evidence-based inter-
ventions and implementing them
in practice, thus ensuring that new
interventions actually reach the
populations for whom they are
intended and are implemented
correctly. The endpoint for bench-
to-bedside research, typically the
production of a new drug or in-
tervention or a new genome-
based test, is the starting point for
the second phase of translation.

The Institute of Medicine’s Clin-
ical Research Roundtable defined
two broad phases of translation

in relation to two broad research
gaps: (1) ‘‘the transfer of new un-
derstandings of disease mecha-
nisms gained in the laboratory into
the development of new methods
for diagnosis, therapy, and pre-
vention and their first testing in
humans’’ and (2) ‘‘the translation
of results from clinical studies into
everyday clinical practice and
health decision making.’’3(p1278)

For genomic medicine, spanning
the second translation gap in-
volves scientific evaluation of
promising applications, such as
diagnostics, drugs, behavioral and
policy interventions (T2), imple-
mentation science (T3), and com-
parative effectiveness research
and public health surveillance
(T4).2,21

This second phase of transla-
tional research, which currently
composes less than 2% of total
research in genomics,2,21 is a crucial
link between genome-based dis-
coveries and population health im-
pact. Multiple factors could underlie
the imbalance between the first and
second phases of translation, in-
cluding the preferential emphasis of
federal funding on discovery re-
search.21 Even the recently estab-
lished Center for the Advancement
of Translational Sciences at the
National Institutes of Health seems
to be focused on translational re-
search in therapeutics for clinical
applications rather than on
a broader translational research
agenda to serve public health
goals.22 Some public health re-
searchers and practitioners are also
concerned that undue attention to
genetic causes of disease could de-
tract from efforts to address envi-
ronmental or social determinants of
health and health disparities.23

Fortunately, an increased emphasis
on gene---environment interaction
(such as through epigenetics)
should begin to bridge this gap in
translational research.

Translation of promising geno-
mic applications into day-to-day
health practice is slow and uncer-
tain, with major issues in imple-
mentation, access, and disparities
across segments of our population.
For example, although testing for
BRCA1, a gene discovered in
1994, is well established, evalua-
tion of the implementation, effec-
tiveness, and impact of testing
among high-risk women has been
slow to accrue. Evidence-based
recommendations for BRCA1 test-
ing were published in 200524;
however, major racial disparities
persist in testing utilization,25 and
provider knowledge and practices
are far from optimal.26 Another
well-established genomic applica-
tion is somaticHER2 tumor testing
to target trastuzumab treatment
of patients with breast cancer.27

Although this testing is in wide-
spread use, the high cost of tras-
tuzumab therapy is accompanied
by persistent gaps in knowledge
about how to most efficiently tar-
get such therapy.27

More than 2000 genetic tests
are already available,28 and more
than 330 genome-based applica-
tions appeared on the horizon
since 2010.29 Clearly, an evidence
gap is growing between emerging
applications and the data that
show their effectiveness in prac-
tice and the best approaches for
implementation and dissemina-
tion. With the expected growth of
new genomic applications, includ-
ing the potential deployment of
clinical whole-genome sequencing
in the next few years,30 we ur-
gently need to evaluate the bal-
ance of benefits and harms of
these new tools for individuals,
families, and communities––an es-
sential component of the evidence
base for their use in practice.
These developments also raise
concerns about privacy and con-
fidentiality of genetic information

Source. Adapted from Khoury et al.2

FIGURE 1—A framework for multidisciplinary research in genomics

and health beyond bench to bedside, with green representing the

first phase of translation (T1) and blue representing the second

phase of translation (T2–T4), with a feedback loop to basic

science discoveries (T0).

COMMENTARIES

January 2012, Vol 102, No. 1 | American Journal of Public Health Khoury et al. | Peer Reviewed | Commentaries | 35

科学的発見 (GWAS等) 試行的臨床応用 (PGx等) 

Khoury et al. AJPH 2011 

ゲノム医療の集学的トランスレーショナルリサーチ 
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secondary phenotypes selected by each site are summarized 
in Supplementary Table S2 online. Additional site and proj-
ect descriptions were authored by each site and are presented 
in the Supplementary Materials online. In the following sec-
tions, we describe the evolution of the network in the context 
of the rapidly changing landscape of genomic medicine.

SUMMARY OF PHASE I SCOPE AND AIMS
A request for applications from the NHGRI for eMERGE was 
released in March 20071 and was intended “to provide support 

for investigative groups a!liated with existing biorepositories 
to develop … methods and procedures for genome-wide stud-
ies in participants with phenotypes … derived from EMR.” 
In September 2007, grants were awarded to "ve sites (hereaf-
ter referred to as eMERGE-I)—Group Health Cooperative/
University of Washington, Marsh"eld Clinic, Mayo Clinic, 
Northwestern University, and Vanderbilt University, which also 
served as the network’s coordinating center.

eMERGE-I had three major aims: (i) use EMR data for 
robust electronic phenotyping, (ii) conduct genome-wide 

Figure 1 Locations of member sites, affiliates, and support and service centers of the eMERGE Network. Red color indicates the nine members of 
eMERGE- II, gray color indicates the eMERGE Coordinating Center, blue color indicates an eMERGE affiliate or subcontract site, and black color indicates centers 
that provide services and support to eMERGE. eMERGE, Electronic Medical Records and Genomics.
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Figure 2 Outline of the activities in the eMERGE Network. The main activities of the network and how they are integrated together are summarized. See 
text for details. eMERGE, Electronic Medical Records and Genomics; EMR, electronic medical record; GWAS, genome-wide association studies.
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 Volume 15  |  Number 10  |  October 2013  |  GENETICS in MEDICINE

Genotype dataのEMRへの導入 
Genetic association同定のため
のEMR dataの活用 

臨床的判断における遺伝情報 
(PGxなど)活用の評価 

GWAS研究の大規模化/
効率化 
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米国のeMERGE Network： 
９つのメンバー施設と２つの支援機関 

ゲノム医療実現化に必要と考えられる国家的インフラ整備 
日本版eMERGE (電子カルテとゲノム情報の融合) Network 

eMERGE Network 活動の概要 

Gottesman et al. Genetics in Medicine 2013 

Knowledge 
Synthesis 
and 

Brokering 
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EMR  
(電子カルテ) 

診察室等
のPC端末 

CDS 
(clinical decision 
support) application 

臨床的有用性の確証
された「最小限の」
データセット 

In house DB (EMRの外) 

個人の全ゲノム情報 

臨床遺伝専門家 
Bioinformatician 
など 

臨床的注釈付け 

Knowledge base 
(知識データベース) 

集合的な知識、個別データ含まず 

ClinVar/ClinGen 
dbSNP 
OMIM 
HGMD　など 

Patient-level database 
個別データ(ゲノム＋表現形質) 
を備えたDB、要アクセス制限 

10万人ゲノム計画 (英国) 
Exome Seq. Project (NIH) 
dbGaP (for GWAS, NIH) 

知識の創出 知識の検証 

データ 
寄託 

データ 
研究活用 

発見の 
 登録 

既報 
 データ 
  の検索 

検索結果 
  に基づく 
      有用な    
      variant 
        の選出 

電子カルテから 
「抽出された」 

疾患・健康関連情報 

特定のclinical 
questionに対する
ゲノム情報の問い合
わせ・検査オーダー 

各専門診療科の医師 患者 

eMERGE 
Patient-level DB整備の
ためのネットワーク 

リテラシーに応じた
knowledge baseの検索 

シークエンシング 

単発でオーダーされる
遺伝子検査結果の返却 

Health Care Systemとしての 
ゲノム医療導入のためのEMR (電子カルテ) の活用とデータベース整備 

CDS applicationを備えたEMR： 
1.  データの記憶容量 
2.  データの処理力 
が大きい 
→ 効率性、品質、安全性の改善 
につながる 

ゲノム医療におけるEMRの活用 
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