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Very large-scale biobankproject, experienc

from FinnGen
Aarno Palotie, M.D., Ph.D.
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FinnGen
National Health Q

Register data
(] FINNGEN

500 000 Iindividuals 500 000

individuals
~10 % of the ge‘i‘zf:ybrjgz‘:‘ . - Association analyses

p O p U I atl on register data

Malignant melanoma of skin
ms, from cancer register (ICD-0-3]
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Innovative Study Designs






Power of a
Genetic
|Isolate

S

FINNGEN

Specific damaging genetic variants become enriched and
easy to discover

Reconstructing genomes of Finns ('imputation’) from

inexpensive genotype data is much more accurate than
in the rest of the world
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Innovative Study Designs



The Finnish Biobank Act is Unigue Q

FINNGEN
* Registration of biobanks, wide 9
consent and protection of % FINBB .
participants
EOBAEEALIS
* Transfer of existing sample and data L
collections to biobanks \l/
* Possibility to recontact o .
O AN 'w
* Possibility to collect samples and data | ei@sank ﬁi{?‘a /'— Blok
Finnish Clinica - Blood Service
from the health care €3 S i g e
: Ly ArdreAe: " (@ siobank
* CO"aboratlon Wlth IndUStry @ —.\\ \'./*f"" - & Terveystalo
Regional biobanks Country-wide biobanks




FinnGen

National Health Q

Register data
FINNGENEN

500 000 Iindividuals 500 000 l

individuals
~10 % of the Semloties ‘ Association analyses
p O p u | at 10N register data
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Public-private research project Q

FINNGEN

11
=\ Boehri '
it cobvie st o |
s
o % Bristol-Myers Squibb
b i
BngBANK A :
cademic s

BEEI'V#EBFJW\“NID( Biobank . . . - T ‘TA CGT ACG : I 3

R 7 institutions T GC CTC GGT GC Pha}rrgaceuncal @
/B\l%)JBQI!I/K\ oo (@ siobank and pUbIlC ‘ n UStry Janssen
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FInnGen, a 10 year project Q

FINNGEN

12

Sample collection >

Aug 2017 ¥

Aug 2027 l

FinnGen3

FinnGenl FinnGen2 | _
Construction of Second phase of Main anal.y5|s phase
infrastructure infrastructure Include functional analyses

development and
first phase of analysis

DF6 DF12
270 000 500 000
individuals individuals
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Register data
FINNGENEN

500 000 Iindividuals 500 000 l
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~10 % of the Semloties ‘ Association analyses
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Nationwide health
registries

Hospital discharge
Hospital procedure
Outpatient visit
Outpatient procedure
Primary care

Primary care

procedure

Cancer register

Cause of death

Drug purchase

Drug reimbursement

Register
data for

administr
ation

Register
data for
administr
ation

Register
data for
administr
ation

1953 REEE

Cancer
register
(ICD-0-3)

KELA reimbursement (own coding

ik =

system)

1960 1967 ‘ 1974

0 5100 coces I

1981 ‘ 1988 1995 2002 2009

A
Today

o cco) I

HILMO, Special care outpatient visits (1C0) [ NENENEGIGITGTNNENEED

avoriLmo (co) [ G

2022



Prospective collections 300 000 Q
e

~

Hospital biobanks

500 000
Individuals
DNA

532 100 -
‘ Legacy collections 200 000 | / participants Health register

data

E’, % 532 100 participants, so far (target 525
oTH® & . 000

FINRISKI 359 200 new s d

TERVEYDEN JA
HYVINVOINNIN LAITOS




New datasets produced every 6 mo

)
) ) FINNGEN
Core analysis team deliverables FINNGEN DATA FREEZES
EVERY 6 MONTHS
16

e GWAS and PheWas results of thousands
of endpoints

1 s § &
s 8 & 7
o o =% v
« Finemapping of the GWAS hits -
o . S 8 &
 Colocalization results of the GWAS hits _ 8 g ™
o & ™
* Autoreporting (automatic annotation) of s § 8«
the GWAS results g & =
o 8 -
* Meta-analyses (UKBB + Estonian BB) g - I I I
* Variant annotations . l BEEEEBEEEEERRER
oc)/\,x/\ <g\;\f"o%/\,xo° <g\,'\,0’0(')/\,@” & WQOC)/\,’»Q @,%\’0%,\,’1/\’ @/%q’oc),\,’\? Q:\,%O’Qc),\,’\?’ Q:\/%V
RSSO RANIR OSN EROSNIR NEIROSIN
Current dataset (Data Freeze 10): v R & L T @ T E Y Y

* 429 209 pheno-geno data available
* 4519 disease endpoints
e 21.3 Mvariants
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Providing an infrastructure for research w

Tools to analyze data



Approved
users

Q anywhere
. in world

FINNGEN

Industry:
Abbvie Astra Zeneca

Biogen Celgene Pfizer
Genentech Merck/MSD

GSK Sanofi Janssen
Maze Novartis BI

Academic: UH, HUS,
THL, Finnish Biobanks,
Hospital Districts,
Universities
in Finland or
abroad

finngen.fi
Google Cloud
Individual and group
_ workspaces
Summary and count
level results for export,
download, portals

"~ standard or custom
Tools

FINNGEN Sandbox for Data Analysis Q

Sandbox

Sandbox

Secure access to individual level data
Data cannot be copied



Sandbox storage infrastructure %

o
INNGEN

FinnGen Google Cloud
19




FiInnGen Sandox has solved a problem that some have
claimed unsolvable %

FINNGEN

: : : .. 20
* We have developed an analysis environment for individual level

data that can be accessed by researchers from outside EU |
e >150 useres outside EU

« |t fullfils all national laws, regulations and the EU wide GDPR

* It provides an example and a potential solution for others
« Already adopted for other projects (e.g., ELGH)
« Has stimulated interest from several European countries

« Summary statistics downloaded by >2000 non-FinnGen scientists
from all over the world
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FINNGEN

Providing an infrastructure for research =

Tools to brows results



Streamlined custom phenotype
definition and automated GWAS

CASES AND CONTROLS Q FINNGEN
L)

@ & https: - nmoe® =

//atlas.app finngen.fi/

1. Select a FinnGen data release

Different databases contain separate Finngen data releases.
°
eparch o
# Home Q Search FinnGen COM Ré - ;nt :“"i‘
.. T
£ Data Sourc Search 2. Select cohorts
o
ear way| If you can't find suitable cohort, create a new one in Atlas. \
Case cohort
Standard covariates will be used in the analysis:
Column visibility Copy || CSV |Show 15 Vv |entries ExcessiveEarwaxCases V2 Time Limited (MPR) b - :
Age, sex, 10 principal components, genotyping
i us| 1 2 Next batch.
Showing 1 to 15 of 29 entries Control cohort
¥ Vocabuiary L Code Name Class RCy DRCy Domain Vocabulary c et Cirls V2 T U 4 04PR) Imputed data from FinnGen data freeze 6
Ao (15 1000000440 H81 Excessive ear wax IcPC2 20,098 29098 Condiion  ICPC ¥eessiveEammarirls V2 Time Limite v (260,405 individuals) will be used
SNOMED (10) 4301559 385904005  Removal of ear wax Procedure 1060 1060 Procedwre  SNOMED
Foorm Excerson 3 12 ML carbamids le 65 MGIML Otic S [Ear CI Branded RxNi
IcPC (1) 43201660 OMopsgases 2 M carbamide peroxide 65 MG/ L Otic Solution [Ear Clear ~ Quant Brande o o Dng xNorm
For Ear Wax Removal] Drug Extension
T Class
ofiles
& B Procodurs (%) 43252790  OMOPST0562 Ear Clear For Ear Wax Removal Brand Name 0 0 Drug hiom
Branded Drug (4) Extension
&& Estimation Branded Drug Form (4) 19098557 352616 Ear Wax Removal radename Brand Name 0 0 Dug RxNorm
Brand Name (4)
LT e 19050021 216836 Ear Wax brand of carbamide peroxide Brand Name 0 0 Drug RxNorm
% Prediction ¥ Domain
Drug (18) 40592649 419690007 Ear wax removal agent Substance 0 0 Observation SNOMED
= Jobs Observation (5) 4251744 410241005  Ear wax removal assessment Procedure 0 0 Procedure  SNOMED
Procedure (5)
Condiion (1) 4259343 410242003 Ear wax removal education Procedure 0 0 Procedure  SNOMED
; Configuration
% Configuration Y Standard Concept 4251745 410243008 Ear wax removal management Procedure 0 0 Procedure SNOMED
Non-Standard (16) . g
® Feedback Standard (12) 40530507 350093000  Ear wax removal preparation Sr::ﬂrum:mo\ 0 0 Observalion SNOMED
Classification (1)
¥ Invalid Reason 4099725 202771001 Ear wax removal preparation adverse reaction Clinical Finding 0 0 Observation SNOMED
Valid (16) 4167292 294309001 Ear wax removal preparation allergy Clinical Finding 0 0 Observation SNOMED
nvalid (13) 19050115 216961 Ero Ear Wax Brand Name 0 0 Dug RxNorm
¥ Hac Rarnrds

1. ATLAS (OHDSI tk) for registry data exploration and custom cohort definition

3. Custom runs automatically appear in

o
FINNGEN

22

2. Launch custom GWAS

‘userresults’ PheWeb



FinnGen harvesting time



FInnGen - harvesting time Q

e Current data freeze (10) now has >429,200 Finns included with FINNGEN

genome and >50 years of registry health data 24

* Hundreds of users throughout Finland and 13 subscribing pharma
partners have individual level data access

* Public data releases (PheWeb through r7, downloads, OpenTargets)
e 2256 full downloads of FinnGen results from around the world

* FinnGen results pervasively used throughout the human genetics research
community given their completely public and unencumbered access



A wealth of new discoveries
Current data freeze of 392 000 participants Q

More than 400 Finnish specific gene associations FINNGEN

Statin medication

X Diseases of the circulatory system (19_)

127169cases
250108controls
Phenotype not found in UKBB results
251
158 | ' 1
[ . . :
100
63
40

25

16+

-log, (p-value)

104,

(=] [a%) E=N ()] [£+]
L I 1 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
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FINNGEN

Variants enriched in Finland

27

New genes and new variants
New biological insight



gnomAD
NTVYY

genome aggregation database

Karczewski et al - Nature volume 581, pages434—-443 (2020)

General
category European Additional in FIN
pLOF 2070 829 )
missense 55250 15914 “E
other disrupt. 3354 842 E

Founder and diverse
populations have a huge
and largely untapped
potential for genetic
discovery

Konrad Karczewski

4000 8000 12000

0

Plotted below: Alleles between 0.1% and 10%

Histogram of log(FIN/EUR) frequency

] Jﬂ ﬂﬂﬂﬁmﬂnﬂmm

-4 |—2 0 2' 4 6

Normal variation — NFE and FIN frequencies within a factor of 10


https://www.nature.com/

Coding variant associations S

Low-frequency FINNGEN

associations:
>30% coding

* 11.8% significant associations contain a
coding variant in credible set (PIP > 0.05)

« 538 unique coding variants across 497 genes o =
* More than half (299/538) have MAF < .05 |
« 2/3 of those are enriched in Finland by more —
than 2X frequency : associations:
504 ~10% coding
» Signature of natural selection evident II..

891

966

AN AN

$ Q? N P
Q- : : o Y o o

o @(_9 & o Q 8 Q &

o
w

Percentage coding
o
N

o
-

B

MAF bin

Mitja Kurki



Example of a coding variant

o
FINNGEN

* Finnish gene variant protects from glaucoma
30

Glaucoma = Finnish glaucoma gene assc1ciation

VIl Diseases of the eye and adnexa (H7_)

10485 cases
249920 controls
Phenotype not found in UKBB resul

40

PLOS GENETICS

RESEARCH ARTICLE
’s _ Rare protein-altering variants in ANGPTL7
Q lower intraocular pressure and protect
e

16 H
: ' against glaucoma
]
104 2 FINNGEN Yosuke Tanigawa ', Michael Wainberg ', Juha Karjalainen?*4, Tuomo Kiiskinen*5,
= Guhan Venkataraman', Susanna Lemmeli*®, Joni A. Turunen®7, Robert
2 H ' R. Graham 5, Aki S. Havulinna*®, Markus Perola®°, Aarno Palotie®®*, FinnGenT, Mark
z g J. Daly»%®***, Manuel A. Rivas®'**
2
us
ks

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
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Pleiotropy: FINNGEN
power of biobank studies 31

Same variant, different effect



Risk locus for IPF

Idiopathic pulmonary fibrosis

Interstitial lung disease endpoints

2018cases
373064controls

Phenotype not found in UKBB results M U CS B

158

100

63

40 SPDL1

25

as e e
-

10

-log, _(p-value)
-




Protective for “all cancers”

. . 5:169588475:G:A (rs116483731)
Malignant neoplasm (controls excluding all cancers) e

AF 2.9e-2(ranges from 2.9e-2 to 3.1e-2 across all phenotypes)
AF in gnomAD genomes 2.1: FIN 3.6e-2, POPMAX 7.8e-3, FIN enrichment vs. NFEE: 4.916

| Neoplasms, from cancer register (ICD-O-3) INEQ 0592 ranges i genotyping batches from 0965 10 1000 )
Number of alt homozygotes: 367
View in Open Targets , gnomAD , UCSC, GWAS Catalog , dbSNP , UMich UK Biobank
m p-values smaller than 1e-10 are shown on a log-log scale
Dawnioad Image
77325cases “
287137 controls
>henotype not found in UKBB results
40
25 . %
. +
. 5 A
164 . '
= 104
3
K]
> .
o
g gl
g |
T "

-
s mE—- e e
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Finnish enriched variants FINNGEN
Recessive?? 34

Diseases considered recessive
Is that quite so?



FinnGen includes 608 known disease-causing é
variants (ClinVar database) - most are rare. Q

FINNGEN
Minor allele frequency (MAF)
0.01 35
0.75+ |
. Most GWA studies only investigate |
. common variants (MAF > 0.01).
2050+ |
)]
-
[}
©
0.25 -
0.00 -

0.001 0.010 0.100 Henrike Heyne
Minor Allele Frequency



Longitudinal analyses )

FINNGEN

1953 1974 2002 2009 2016

A
Today
1cD-8 (~5000 codes) NG
100 (10000 coces)
ten-1o -15000 coces) [ D 3 6

HILMO (ICD)

HILMO, Special care outpatient visits (1c0) [ DD

Cause of Death (ICD)

avoriLvo (ico) [ D I

Cancer

(ICD-0-3)
KELA prescription drug purchases (ATC)
KELA reimbursement (own coding
system)

Vv




3/5 recessive variants have effects in heterozygous state Q

. . . . . . ) o\ @
5 known recessive disease variants have genomewide GWAS hits (p-value < 5x]F0|;QNGEN
— 3/5 have effects in heterozygous state 37
SERPINA1 > cholelithiasis, emphysema Known l
XPA — skin cancer Little evidence

NPHS1 - nephrotic syndrome

— 2/5 no effects in heterozygous state = purely recessive effect?
EYS -2 retinitis pigmentosa
CLRN1 -2 retinitis pigmentosa

Heyne, Nature, in press



Known pathogenic PTV in XPA

two LOF mutations - recessive disease Xeroderma pigmentosum & N 1A

one LOF mutation -2 high risk for skin cancer FINNGEN

FinnGen: p = 8x10'%, OR 3.5, in Japan: OR =3.08, p =0.01 38

Strata === wildtype === heterozygous

—
o
o

o
~
o

Proportion free of skin neoplasm
o o
N 18]
a o

o
o
S

0 25 50 75 100
Time (years)
Hirai Y et al, J. Hum. Genet. 2018 Heyne, Nature, in press



Opportunites provided by longitudinal Q
data FIN:\IGEN

39

Diseases susceptibility |

Disease progression



Disease Progression (Survival) Scans

Arthrosis -> Arthrosis + hip replacement surgery
(6,825 failures/27,533 censored) — R5

/ 16,263,412 Variants Wei Zh OU
15 4 * MAF=(0.05,0.5%; N SNPs=6,199,405 * Potentially Novel Lot 40
s MAF=(0.005,0.05]; N SNPs=4,101,702 15+
= MAF=(0.001,0.005]; N SNPs=3,328,176 ses s o
. MAF:ED.DDDZQI,D.]UDI]; N SNPs=2,634,129 rf-—- !
’ s
. .
l 10 -
T 10 o !
g : |
L |
g 5
]
(%))
S 51
0 _
2 4 6 8 10 12 14 16 18 22
1 3 5 7 9 11 13 15 17 19 X
0| &
‘ . | ‘ | | ‘ . An efficient and accurate frailty model approach for genome-wide survival

0 1 2 3 4 5 6 7
Expected (- log;oP) association analysis controlling for population structure and relatedness in

large-scale biobanks

. . Rounak Dey, "2 Wei Zhou, Tuomo Kiiskinen, "= Aki Havulinna, Amanda Elliott, Juha Karjalainen, Mitja Kurki,
https://www.biorxiv.org/content/10.1101/2020.10.31.358234v1.full Ashley Qin, FinnGen, ©=' Seunggeun Lee, Aarno Palotie, = Benjamin Neale, 2" Mark Daly, Xihong Lin
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FINNGEN

41

A centralized research resource |
can now be used by all Finnish
researchers

Towards clinical application of
risk assessment



So what iIs different iIn FinnGen Q

FINNGEN

42
 Nationwide |

« Special population
 Enrichment of disease cases

* Public-private partnership with an "academic atmosphere”
« 13 pharma working togeather
« All national partners working together

« Strong core analysis group, providing browsable results



FInnGen, a 10 year project Q

FINNGEN

43

Sample collection >

Aug 2017 ¥

Aug 2027 l

FinnGen3

FinnGenl FinnGen2 | _
Construction of Second phase of Main anal.y5|s phase
infrastructure infrastructure Include functional analyses

development and
first phase of analysis

DF6 DF12
270 000 500 000
individuals individuals




FiInnGen: moving beyond
resource construction Q

FINNGEN

Characterize all the rare coding variants 24
study function & pleiotropy and learn |
therapeutic leverage points

Learn the genetics of disease progression
and therapeutic response
lay the foundation for personalized
medicine applications of genetics



From gene association to variant and
function

* Having a list of associated genes is just the first step

* Next steps are much more challenging to scale:
* From association to gene/variation
« Which variation is causative
* From variation to to understand the function
* From function to potential clinical applications

S

FINNGEN

45

45



What do we need next in biobank studie§

FINNGEN
* Ethnic diversity:

* how to build evidence for potentially disease causative variants? Different
variants in the same gene in different populations build confidence for
causality

« => collaboration across the globe

* Recalling by genotype:

* Need to dive in to more specific and individual based phenotype data or
samples for further characterization.

* Needs to be rapid, and efficient, also cost efficient

* Needs to meet the needs of the research projects (regulations or bureaucracy
cannot guide what is the “right experiment” )

46



Global Biobank Meta-analysis Initiative (GBMI)
23 biobanks/projects, 2.2M individuals

Population-based, N = 1.36m

Hospital/Health center-based, N = 522k

____________________ deCODE Genetics
! 250k Mixed, N = 486k
Canadian Partnership for Tomorrow’s Health/
Ontario Health Study UK Biobank
7.3k Mass General 500k
Brigham
26k
East London Genes & Health
28k
Michigan Genomics Initiative &
55k HUNT Study
70k
Colorado Center FinnGen China Kadoorie
for Personalized Medicine - (SR A0S S Y | | 88 ok S 343k Biobank
/O 0 ARSI B 0 o 101k
____________________________________________________ National Biobank of Korea
UCLA Precision Health Biobank B0 g Biobank Japan 80k

27k

Biobank of the Americas
20k

Generation

Penn Medic'ine Biobank Scotland
40k 20k

179k

Taiwan Biobank
93k

Estonian Biobank "~
150k

Qatar Biobank
14k

g

LifeLines NL ¢ &

37k QSKIN Genetics
17k

Zhou, W., Kanai, M., et al. medRxiv (2021) */



// E
PHIEDICAL

* | would like to argue that:

* Regulations and discussions are often too ! l
narrowly focused on data protection and even
that in a very narrow way.

* Too much variation between EU countries. %

* Too much variation of regulatory interpretations {/ —=
between authorities ‘

(& é/ |

S

FINNGEN

48



For biobanks to be viable also In future,Q

iImportant to: FINNGEN
* Understand that biobanks are not, and should not, be money making
machines 49

« Understand and acknowledge that biobanks are an integral part ofl
modern medical research infrastructure that should have sufficient
core funding to be viable

« Understand that biobanks are to promote and help medical
research, not authorities to narrow research ideas

* Attitude “yes, we should find a way how to do it”

« Understand that the most important people are those who provide
biobanks with samples and data:
« Sample donators
 Clinicians




Nordic Society “Precision Medicine Research

of
. and Implementation:
Human Genetics P
~_ and . Rebootlng in the Nordics
Precision Medicine post-COVID”
2022 CONFERENCE ‘ " 2
‘ B ‘ . l
3-4 NOVEMBER 2022 R
AT DOCKEN IN COPENHAGEN, -

DENMARK

WWW.NSHG-PM2022.0RG
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=Biobank

m march

c Conference

Gothenburg, Sweden

2022

Theme: Current trends and challenges in the Nordic countries

A unique opportunity to meet representatives in the area of human biobanking

as well as other scientific experts from healthcare, academia, and industry.

Webbpage and registration: nbc.biobanksverige.se

The Nordic Biobank Conference 2022 is jointly organized by the Nordic countries,
comprised of Denmark, Finland, Iceland, Norway and Sweden.


https://nbc.biobanksverige.se/

