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Genome-wide polygenic scores for common
diseases identify individuals with risk equivalent
to monogenic mutations

Amit V. Khera'***5, Mark Chaffin ®*5, Krishna G. Aragam'*34, Mary E. Haas*, Carolina Roselli 0%,
Seung Hoan Choi*, Pradeep Natarajan %34, Eric S. Lander*, Steven A. Lubitz 234,

Patrick T. Ellinor ©%*4 and Sekar Kathiresan 034+

A key public health need is to identify individuals at high risk
m.mmnmm‘mum
tive pies. B diseases h

Previous studies 1o create GPSs had only limited success, pro-
ndmgumuhmumkmamawnmdmnlmdmmrmk
ullhnldmnudmkrd‘.nun

‘component, one important approach is to stratify individuals
based on inherited DNA variation . Proposed clinical applica-

mnwwumm&
elnrhlhpobwkhlm , It has not yet been possible
to use polygenic Mw‘uu

parable to monogenic mutations. Here, we develop and vali-

The spproach dentifies 8.0, 6.1, 35, 3.2 and 1.5% ofthe pop-
ulation at greater than threefold increased risk

cancer, respectively. For
mmmwmuwwn—

of
comparable risk’. We propose that it is time to contemplate
the inclusion of polygenic risk prediction in clinical care, and
discuss relevant issues.

For various common discases, genes have been identified in
which rare mutations confer several-fold increased risk in het.
erozygous carriers. An important example is the presence of 2
familial hypercholesterolemia mutation in 0.4% of the popula
tion, which confers an up to threefold increased risk for coronary
artery disease (CAD)". Aggressive treatment to lower circulating
cholesterol levels among such carriers can significantly reduce
risk’. Another example is the p.GluS08Lys missense mutation in

20% of
thzm«ampupnhwu) These initial efforts were hampered by
three challenges: (1) the s mﬂm:dmuﬂmw-km
tion studses (GWASs), which affected the precision of the estimated
impact of individual variants on disease risk: (2) limited computa
tional methods for creating GPSs; and (3) a ack of large datasets
needed to validate and test GPS.

Using much larger studies and improved e et ome
to revisit the question of whether 2 GPS can tify
the population with risk mmmhn;lhxolxmnno
gemic mutation. We studied five common diseases with masor publc
health impact- CAD, atrial fibrillation, type 2 diabetes, inflamma-
tory bowed disease, and breast cancer.

For each of the discases, we created several candidate GPSs based
on summary statistics and imputation from recent large GWASs in
participants of primarily European ancestry (Table ). Specifically.
we derived 24 predictors based on a pruning and thresholding
method, and 7 additional predictors using the recently described
LDPredalgorithm  (Methods, Fig, | and Supplementary Tables 1-6).
These scores were validated and tested within the UK Biobank,
which has aggregated genotype datz and cxtensive phenotypic
information on 409258 participants of British ancestry (average
age: 57 years; 55% fernale) <.

We used an initial validation dataset of the 120,280 pasticipants
in the UK Biobank phase | genotype data release to select the GPSs
with the best performance, defined 25 the mazimum area under the

HNFIA, with a casrier frequency of 0.1% of the general popula-  receiver-operator curve (AUC). We then assessed the performance
tion and 0.7% of Latinos’, which confers up to fivefold increased  in an independent testing dataset comprised of the 288,978 partic
risk for type 2 diabetes’. Although the ascertsinment of mono-  pants in the UK Biobank phase 2 data release. For each
genic mutations can be highly relevant for carriers and their  disease, the discriminative capacity within the testing dataset was
families, the vast majority of disease occurs in those without nearly identical m!h.uo&arrwdmlbednhlmdlm
such mutations. Taking CAD d

For most common diseases, polygenic inheritance. involving  from 3 GWAS involving 184305 particpants mdevahxtdbua’
many common genetic variants of small effect, plays a greater role the UK
than rare monogenic mutations . However, it has been unclear  dataset with CAD (Table 1). The predictors bad AUCs
whether it is possible to create 3 genome-wide polygenic score  ranging from 0.79-0.81 in the validation set, with the best predic
(GPS) to identify individuals at clinically significantly increased  tor (GPScus) involving 6,630,150 variants (Supplementary Table 1).
risk—for example, comparable to levels conferred by rare mono-
genic mutations .

This predictor performed equivalently well in the testing dataset
with an AUC of 0.81

‘Center for Genomic Medicne, Massachusetts General Hospital, Boston, MA, USA. “Cardiology Division of the Department of Medicine, Massachusatts
General Haspital, Beston, MA, USA. *Hanard Medical School, Boston, MA, USA. ‘Cardiova: Intiate of the Broad Insbtute of Manard and
MIT, Cambridge, MA, USA. “These authors contributed equally: Amit V. Khera, Mark Chaffin. “e-mak o ™
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Biobank

Y\

GC1

CLIA GenomeCLIA

Yentery

ACMG gene variants
will be validated

by clinical assay
Clinical Assay

Clinical
Validation
Laboratory

All of Us Genome Centers - tin

@ May 23: Publish Funding Opportuni

Genetic

https://allofus.nih.gov/sites/default/f Counseling

@ July 12 - Application receipt date
@ August — Review of applications
® September — Negotiation of awards

@ Late 2018: Begin data generation
® 2019: Genomic data become availa

results pilot phase

Research Workflow Return of Information

The All of Us Research Program, Genome Centers
https://allofus.nih.gov/sites/default/files/genome_centers_webinar.pdf
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m) National Institutes of Health  ABouT~ FUNDING ~ NEWS, EVENTS, & MEDIA JoinAllofUs.org > [

All of Us Research Program

All of Us > News, Events, & Media > All of Us Research Program to host ELSI workshop

All of Us Research Program to host ELSI
workshop

Recommended Reading l

Policy/Legal Workstream

¢ Tensions in ethics and policy created by National Precision Medicine Programs.
Minari J, Brothers KB, Morrison M. Hum Genomics. 2018;12(1):22. DOI:
0.1186/540246-018-0151-9. PMID: 29665847

ELSI workshop:
https://allofus.nih.gov/news-events-and-media/announcements/all-us-research-

program-host-elsi-workshop#elsi-readings-2

VideoCast:
https://scipol.org/engage/nih-workshop-all-us-research-program-ethical-legal-
and-social-implications-research 9

Big 8: Selected Health Areas | ke!lv Gebo, MD MPH
CMSO, All of Us Research Program

. Cancer

Cardiovascular Disease
Chronic Kidney Disease
Chronic Lung Disease
Diabetes/Obesity
Mental Health/Cognition

Opioid Use/Chronic Pain Stephanie Devaney, PhD

Deputy Director, All of Us Research Program
TO DATE...

» Celebrated our on May 6

N o B B N =S

People have signed up from

have completed the full protocol

are under-represented in biomedical research;

19



Two Methods of Engagement

Cpa®

Current protocol

JoinAllofUs.org

P L
AN o'i\\.
N
N
T—
Stepl Enroll, Consent & Answering Physical Provide
D Authorize EHR Surveys Measurements* Biosamples*
epL

Recruiting 18+

years old initially;

plan to include
children in 2019

Online,
interactive
consent

Includes
authorization to
share Electronic
Health Record

Initial surveys:
The Basics,
Overall Health,
Personal Habits,
Health Care
Access &

Utilization, Family
Medical History

Additional
surveys released
on an ongoing

Blood pressure
BMI

Heart rate
Height

Hip
circumference

Waist
circumference

Weight

Blood (or saliva, if
blood draw is
unsuccessful)

Urine specimen

Biosamples will
be stored at the
program’s
biobank

(EHR) data basis.

*Based on diverse
sampling and capacity

*Based on diverse
sampling and capacity

Wearables and
Digital Apps

Share data from
wearable fitness
devices, starting
with FitBit

Share data about
mood & cardio-

respiratory fitness
through
integrated apps

More integrations
to come

Coming soon 1 1

AoU eConsent structure

Main

concept * DNA Analysis

Text

All of Us eConsents

Consent is modular
* Primary consent

* HIPAA Authorization

¢ Others as needed

Written at the 5™ grade reading

level

Primary eConsent includes nine
15-45 second videos

+ Linear navigation

“Get help” buttons link to
national support center

12
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Tiers of Access
Controlled Tier
o Registered Tier 1l Amended Participant-Level Data
Requirements Other Data Types
o |Institutional Sign-off
e Other Requirements
Registered Tier PN
Identity Verification 9 G\ﬁ Researcher
Dacoara hine 11 SnAod v oy \ LV VSR W RO
Become an authorized
AoU Researcher
: J DATA
— — — AccEss
Verification of Data Passport Research Ethics Attestation to the Workspace Creation &
Identity Registration Training Data Use Agreement Specification of
Each user will be required The User provides Rescarch Ethics Traming, The user is required to sign a Research Purpo%
to undergo a process (eg information about themselves which includes a number of legally binding document that % _ E
electronic ID verification) to the AoURP. Ficlds include training modules, educating specifies the Codes of Forcach project for which
that will be used to verify e Name the user about the cthics of Conduct that the User agrees AoU data is accessed, the
the identity of the user o Institutional Affiiation Research using Human Data, to follow useris rcqu‘m:d to create a
e Role the AoUprinciples policies ) T
e Demographics general data safety guidelines scparate Workspace, an
e Additional affiliation otc therein, specify the resecarch
purpose for that project.
Name, Affiliation & Role
displayed publicly
Research Purpose
Description displayed
publicly
2020
v el T Controlled Tier Launch
W, | Unaltered Registered Tier Data
| Q42020 Dates ~
New Surveys Genomic Data Winter 2019
sl A - Registered Tier Launch
Biospecimen CohortA 6 Survey Modules

Q3 2020

Digital Health
Fitbit

Apple Health Kit
Data Linkage
National Death Index

Dikshya Bastakoty, PhD & Weiyi Xia, PhD
Vanderbilt University Medical Center

14
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Genomics plans: genotyping, WGS, “RROI”

Genotyping & WGS for all 1M participants

Genetic Counseling Resource

Pilot of return of results with 40k diverse participants
What to return?

e Begin with medically actionable genomic results return

® ® ® @

o Facilitated return: Medically actionable monogenic
variants (AoU Medically Actionable Panel (AoUMAP)) via
the Genetic Counseling Resource

o Access: Uninformative AUMAP results

o Access: Typical and atypical pharmacogenomic CPIC A
variants

Stephanie Devaney, PhD
Deputy Director, All of Us Research Program

15
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New GA4GH Driver Projects in 2019

https://www.gadgh.org/news/seven-
international-genomic-data-initiatives-
4 February 2019 named-gadgh-driver/

The newly added projects are: Human Heredity and Health in Africa (H3Africa), GEnome
Medical alliance Japan (GEM Japan), European Joint Programme on Rare Diseases (EJP RD),
Swiss Personalised Health Network (SPHN), EUCANCan, EpiShare, and Autism Sharing

[nitiative.

GEnome Medicine Alliance Japan, GEM-J
Jap (homc genome and healthcare) and the Global ’ !
Data between | Researcl h and Clinical practice i'v ‘l'i
sharing mmon d R 7""‘ ,}\‘7
GA4GH o
Sharing of Data, Ideas, Experiences and Technologies
Clinica | practice
Japanese disease varian ts
Cooperation L ae
< > 2% MGeND
QC check and standardizaton =
—
Global
t Sn Rare diseases and Cancer
-
o oaasnang g
Domestic =
A Tm .
@& 4 . _'"._ () https://www.amed.go.jp/en/program
w s .
88) TMM . .
MEXT '.‘i o wiw | /list/04/01/gem_japan.html 18
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ELSIZ’ A4 Z L (US, NIH-NHGRI)

The Ethical, Legal, and Social

Click here for quick links to
Annual Reviews content online,

including:

o soun Eurther l Implications Program of the

« Other articles ir
« Top cited articl
« Top downloade
« Our comprehe|

T—
Annu Rev Geno

ELSI funding support (millions of dollars)

7/ LRE (NHGRI) D5 %
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5F Program-initiated

National Human Genome
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