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Precision medicine — Precision diagnhostics
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Genome wide association studies

* Goal: find connections between:
* A phenotype: height, type-I| diabetes, etc., known to be heritable

* Whole-genome genotype

e Usually SNP arrays: Sampled points along the genome known to vary between
individuals

* Can be whole genome sequencing (mostly rare due to cost)

* Mostly case-control comparing variant frequencies at each position to identify
deviating frequencies indicating a hit along the genome

* A hitis an association, not a direct hit
* Need to huge numbers of individuals for statistical significance
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Find the associated SNP

Cases:
AGAGCAGTCGACAGGTATAGCCTACATGAGATCGACATGAGAT TAGAGCCGTGAGATCGACATGATAGCC
AGAGCCGTCGACATGTATAGTCTACATGAGATCGACATGAGAT TAGAGCAGTGAGATCGACATGATAGTC

AGAGCAGTCGACAGGTATAGTCTACATGAGATCGACATGAGAT TAGAGCCGTGAGATCGACATGATAGCC
AGAGCAGTCGACAGGTATAGCCTACATGAGATCAACATGAGAT TAGAGCAGTGAGATCGACATGATAGCC

AGAGCCGTCGACATGTATAGCCTACATGAGATCGACATGAGAT TAGAGCCGTGAGATCAACATGATAGCC
AGAGCCGTCGACATGTATAGCCTACATGAGATCGACATGAGAT TAGAGCAGTGAGATCAACATGATAGCC

AGAGCCGTCGACAGGTATAGCCTACATGAGATCGACATGAGAT TAGAGCAGTGAGATCAACATGATAGTC
AGAGCAGTCGACAGGTATAGCCTACATGAGATCGACATGAGAT TAGAGCCGTGAGATCGACATGATAGCC

Controls: : Associated SNP

AGAGCAGTCGACATGTATAGTCTACATGAGATCGACATGAGATQRGRTAGAGCAGTGAGATCAACATGATAGCC
AGAGCAGTCGACATGTATAGTCTACATGAGATCAACATGAGATQPTPTAGAGCCGTGAGATCGACATGATAGCC

AGAGCAGTCGACATGTATAGCCTACATGAGATCGACATGAGATQT@TAGAGCCGTGAGATCAACATGATAGCC
AGAGCCGTCGACAGGTATAGCCTACATGAGATCGACATGAGATQT@TAGAGCCGTGAGATCGACATGATAGTC

AGAGCCGTCGACAGGTATAGTCTACATGAGATCGACATGAGATQTPTAGAGCCGTGAGATCAACATGATAGCC
AGAGCAGTCGACAGGTATAGTCTACATGAGATCGACATGAGATQT@TAGAGCAGTGAGATCGACATGATAGCC

AGAGCCGTCGACAGGTATAGCCTACATGAGATCGACATGAGATQTRTAGAGCCGTGAGATCGACATGATAGCC
AGAGCCGTCGACAGGTATAGTCTACATGAGATCAACATGAGATQTRTAGAGCAGTGAGATCGACATGATAGTC
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“Manhattan plot” of GWAS results
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GWAS: A large undertaking
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Sample size for cohorts used in an ongoing study on Major Depression Disease

Name N N N control | Covariates

MDD eoMDD Major Depression disease

iPSYCH2012 | 20,804 | 18,429 | 23,854 Sex, birthyear, 25PCs

iPSYCH2015 | 10,487 | 8,105 15,772 Sex, birthyear, 25PCs

EstBB 48,804 | 8,768 127,395 Sex, birthyear, 10PCs
_ early onset Major Depression disease
MoBa 8,824 908 ~128,000 | Sex, birthyear, 20PCs,
batch
PREFECT 1,796 470 6,613 4PCs

DEN
72.3%

UKB 76,828 | 21,499 |418,765 Sex, 20PCs




Distributed & standardized procedure for uniform
handling

System requirements have been defined

o and approved by sites
.:::ET:Z patat g Available for download :
""""""""""""""""""""""""""""""" | https://github.com/comorment/containers/tr
ee/main/singularity
HpC-2
comaners A P R Inclusion of tools for GWAS and post-
" 7| | mstractons | |2+ | ouwewz | GWAS analysis and visualization and
""""""""""""""""""""""""""""""" available sample datasets and reference
data
HpCa
e . instructions for use cases :
M o || omma > oupwa || https://github.com/comorment/containers/tr
T Y ee/main/usecases



https://github.com/comorment/containers/tree/main/singularity
https://github.com/comorment/containers/tree/main/usecases
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Nordic MDD and eoMDD show significant loci
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Find the associated SNP

Cases:
AGAGCAGTCGACAG
AGAGCCGTCGACAT

AGAGCAGTCGACAG
AGAGCAGTCGACAG

AGAGCCGTCGACAT
AGAGCCGTCGACAT

AGAGCCGTCGACAG
AGAGCAGTCGACAG

Controls:
AGAGCAGTCGACAT
AGAGCAGTCGACAT

AGAGCAGTCGACAT
AGAGCCGTCGACAG

AGAGCCGTCGACAG
AGAGCAGTCGACAG

AGAGCCGTCGACAG
AGAGCCGTCGACAG

University Hospital

CGTGAGATCGACATGATAGCC
AGTGAGATCGACATGATAGTC

CGTGAGATCGACATGATAGCC
AGTGAGATCGACATGATAGCC
CGTGAGATCAACATGATAGCC
AGTGAGATCAACATGATAGCC
AGTGAGATCAACATGATAGTC
CGTGAGATCGACATGATAGCC

: Associated SNP

AGTGAGATCAACATGATAGCC
CGTGAGATCGACATGATAGCC
CGTGAGATCAACATGATAGCC
CGTGAGATCGACATGATAGTC
CGTGAGATCAACATGATAGCC
AGTGAGATCGACATGATAGCC

CGTGAGATCGACATGATAGCC
AGTGAGATCGACATGATAGTC
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Imputation...

Reference set of haplotypes, for example, HapMap

T T e T T T T IS T e ]

L L L T ] S VI B LR L E B TR LT
(Bpa)sabeopab il sabagle gl g bagh ()
b e et b bkt el e bl o e )

The reference haplotypes are used to

Genotype data with missing data at impute alleles into the samples to create
untyped SNPs (grey question marks) imgmed genotypes (omnge‘;
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Genetic structure in the Nordics
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Example imputation
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Overlap (position and change, no imp gc)
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Estonian
2,203,149
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POIVgenic riSk Score Polygenic risk score:

A set of SNPs that
— . collectively
Polygenic Risk Score Trait may predict a risk, based
r 1.00 on GWAS studies
PRS s e.g.: Doe.s an.md|V|duaI
97.5% have a high risk that
== 80;, 5% warrants monitoring or
— 2080% | [ 0.50 treatment
— 2520%
<2.5% oo May depend on the
population
' j _ B R Cancer risks, diabetes, etc
20 40 60 80
Age, Years
O Sﬁgeersity Hospital UiO ¢ University of Oslo JLC




Cancer: Many layers of perturbation
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The interaction between InPreD and IMPRESS — Norway

4 : )
- InPreD

NORGE NASIONAL INFRASTRUKTUR
FOR PRESISJONSDIAGNOSTIKK - KREFT
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Molecular profiling Sampling Data-
tissue/blood, analysis  \Molecular

existing  Molecular Report
biopsies analyses

Interpretation,
Integration match
with clinical
information

Informed consent

Sequential biopsies: WGS

Inclusion in RNAseq
IMPRESS- +additional sampling for
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translational research

Roche/Foundation
Medicine & lllumina
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Papillary thyroid
carcinoma

IPD-XXX

Version string: 2.2.0.12/21-06-07/0.9.1/0.6.1/hg19/T

Patient SUMMARY OF KEY FINDINGS Variants that alter protein coding sequence (N=10)
atien F/XXy B Total nr of SNVs/indels 15 - b - 6 copi Gene
9 : s/ in protein coding sequence: 12 Opy number one > coples fusions CCDC6-RET Gene Protein .
Al T alter protein coding sequence 9 variants Loz @i SRR 2 RNA Coding status
Symbol change
1 1 Mut/ [ @ _ MS DICER1 E1705Q missense 0.024
Tu moF:a pl I Ia ry therId T™B s LOWRS ;Nintermediate 20 ki Potentially overestimated TMB* status Stable
cancer v IRF4 G202D missense 0.323
type . . - . .
Y of D: 20xx Biomarkers and variant/gene-drug association SOX17 D131N issense 0.358
Biomarkers potentially relevant
Distal met e e None reported MST1R X1401= stop_retained 0.062
Bio- post-treatment - Therapeutic context Level of Evidence PPP6C E237K missense 0.357
. . VAF Path X ont
material FFPE Gene Variant Type CN/ GoF/ fznc‘:'i:,/ - Resistan  "atient’s  Other | 1) orr30 R840H missense 0.485
XX-XXXX LoF Sensitive t tumor tumor
BB 197215 IGFIR S752R missense 0.473
CCDC6 fusion MAPK
Tumor 40% RET RET GoF PI3K/AKT TKI 1 NSD1 Q784E missense 0.437
content U — ense . RAD51C R370Q missense 0.336
>~ 12% GoF Pi3K/AKT PI3Ki 3 1 )
Gene Alterations (F1liquid)  E542K : TERT c-124C>T Non-coding 0.471

Overlap TSO500: YES
Add. biomarkers: YES
PIK3CA E545K, E542K

The fusion CCDC6 (exon 2 ) and RET (exon 12) was assessed to be in frame and
kinase domain intact. The fusion is a known oncogenic variant with constitutive
kinase activation. RET fusion is a biomarker for RET targeted therapy in subtypes
of thyroid and lung cancers. Clinical data is emerging from trials with RET-
selective inhibitors*.

The PIK3CA hotspot variants lead to constitutively activated PI3K/AKT pathway.
The low variant allele frequency (F1 Liquid) suggest subclones, possibly as a
result of treatment resistance. Targeting PIK3CA is app. for a subgroup of breast
cancer but the variants have no clear treatment implication in thyroid cancer.

According to ESMO guidelines, recommendation for genetic
counseling does not apply for the variants reported by
TSO500 for this sample.

Variant classification (RET)

Variant classification (PIK3CA)

s InPreD

” Infrastructure for

Additional results: Variants of unknown significance in treatment relevant genes

Precision Diagnostics

= Mutation hotspot
N @0us

Gene/Variant Comments

*; Registrational results of LOX0O-292 in patients with RET-

RAD51C
R370Q

RAD51C is involved in HR DNA repair. The variant is in the C terminal domain of the gene but of

. . - altered thyroid cancers - ScienceDirect ; and PMID: 32846061.
unknown biological significance.

VAF=variant allele fraction , CN=copy number
Level of evidence = ESCAT guidelines
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Novel reimbursement models for PCM - from a trial
setting to implementation

Stage O Stage | Stage || Stage Il
7| 25x response? |~ Stagelll
21x response? | + 16 Patients
= | <5x response? {4 Stop cohort
2 1x target | 8 Patients | <Ixresponse? || Stop cohort

Study drug (week
1-16)
Commercial drug
from wl6*

Drug supply Study drug Study drug

*The design of stage Ill is a phase 1 (week 1 to 16) where patients will be treated with the investigational products (IP), provided by the manufacturer. If clinical
benefit (defined as confirmed objective response or stable disease at 16 weeks and measured more than once, at least 28 days apart) is observed for an individual
patient at 16 weeks, treatment for that individual patient with the IP will continue in phase 2
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Shared study-design across Nordic — DRUP
collaboration based on tumor-agnostic approach

QDRUP

Expanded u rugs

ProTarget

* Individual treatment approach

on Targeted Anti-Cancer Treatment
based on Molecular Profiling

Canadian Profiling and Targeted Agent
Utilization Trial (CAPTUR)

ME LiT 5 -

e
* Targeted treatment 1111 IMPRESS

\

PROGRAM IN FINLAND NORWAY 5

NN NP

(d \/

Testdrug1 Test drug2 Test drug

B ®

( Umbrella trial Basket trial
One type of cancer Multiple types of cancer A combination:
Different genetic mutations: One common geneticmutation: .
Different cancers

Different genetic mutations
or other disease-modifying
changes

-

Treatment to fit the individual
patient disease and tumour

profile

8-

A portfolio of registered drugs




Prevention > Diagnostics Treatment
Cancer origin Primary tumours Metastatic Cancers

EOSCA4Cancer

v
Starting EU project * Cancer registries * Screening * Patient level: * Cancer clinical
* Environment programmes Genomics data, trials (descriptors
(pollutants) * Medical imaging Imaging (digital - metadata)
* Social data * Medical data (EHR pathology) and * Patient level
* Geolocalisation structured data) EHR data genomics and
(structured data) medical data
= = +Other research = * Actionable data
data: liquid biopsy, (regulated):
animal models, markers, drugs
drug screening and treatments
*Non patient
specific data:

animal models,
drug screening, etc

Research Software for Software, Workflows and Portals Clinical Decision

epidemiological level analysis for patient level clinical research Support Systems




http://ega.elixir.no

‘ ® Federated
h. European
I™ Genome-phenome

Archive
Norway Docs and Info  Privacy Policy Terms of Service Contact Us About

Federated EGA Norway node

| «-LSLOGIN |

The Federated EGA (European Genome-phenome Archive) is a distributed solution for sharing and exchange of
human -omics data across national borders. Federated instance collects metadata of -omics data collections
stored in national or regional archives and make them available for search through the main EGA portal.
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Big Data

Database
Biomarkers
Biomarkers Treatment
Treatment
Individual | P
Reponse eval. Side effects
Side effects Survival

Historical control

' Big data

in health

Statistics
Frequencies
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BACKGROUND DOCUMENT

Proposal for a regulation - The European Health Data Space

COM(2022) 197/2
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