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Personalized Medicine in Denmark
— profound preparatory work
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Genome based biomarkers for “al
and treatments in one go

Individual high quality genome shown on the official reference for the human genome
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Sequencing and de novo assembly of 150 genomes from Denmark as a population reference.
Maretty L, ..., Kristiansen K (*), Brunak S (*), Schierup MH (*). Nature, August 2017
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New law on the Danish National Genome Agency

FOLKETINGSTIDENDE C

FOLKETINGET

Til lovforslag nr. L 146 Folketinget 2017-18

‘Vedtaget af Folketinget ved 3. behandling den 29. maj 2018

Forslag

Lov om @ndring af sundhedsloven

(Organiseringen i Sundheds- og /Eldreministeriet. oprettelse af Nationalt Genomcenter m v.)

§1

I sundhedsloven, jf lovbekendtgerelse nr. 191 af 28.
februar 2018, som @ndret ved § 39 i lov nr. 620 af 8. juni
2016. § 11lov nr. 254 af 6. april 2018 og § 20 i lov or. 503
af 23. maj 2018, foretages folgende ®ndringer:

11§17, stk 3, indsaettes for 1. pkt. som nyt punktum:

»En patient. der er fyldt 15 ar. kan treeffe beslutning om
anvendelse af biologisk materiale og genetiske oplysninger.
der er udledt af biologisk materiale, efter bestemmelserne i
§§ 28-35.4

21517, stk 3, 1. pkt, der bliver 2. pkt., inds=ttes efter ».
eri: »endvidere«.

3. Overskriften til kapitel 7 affattes siledes:
»Kapitel 7

Selvbestemmelse over biologisk materiale og genetiske
oplysninger.

en af oplysninger som ne&vnt i stk. 1.« og »opbevaret biolo-
gisk materiale« mndres til: »oplysninger som navat 1 stk.
la.

7. Efter § 29 indsettes for overskriften for § 30:

»Information om selvbestemmelse over genetiske
oplysninger

§ 29 a. Forud for indhentning af patientens samtykke efter
§§ 15 og 16 til en behandling. der omfatter genetisk analyse.
skal den behandlende sundhedsperson informere patienten
om retten til at traeffe beslutning efter § 29, stk 1, 2. pkt.

Stk. 2. Sundhedsministeren fasts@tter nermere regler om.
hvordan patienten skal informeres om retten til at treeffe be-
slutning efter § 20_stk 1. 2. pkt «

8.1 32 indseettes efter »§ 29, stk 1.« »l. pkt .«

9,14 32 indsettes som stk 2-
»Stk. 2. Genetiske oplysninger, der er udledt af biologisk
materiale i forbindelse med patientbehandling. og som opbe-



New law on the D

Creates a
National Genome Center
for precision medicine

~An Agency under the
Danish Health Ministry

* Written consent from the patient
* Right to self-determination of
personal genetic data (opt-out)

12. Efter kapitel 67 indsattes i afsait XT7TI
»Kapitel 68

Nationalt Genomcenter

§ 223. Nationalt Genomcenter er en institution under
sundhedsministeren, som bistir ministeren med den centrale
forvaltning af forhold vedrerende udviklingen af personlig
medicin. Nationalt Genomcenter understetter udviklingen af
personlig medicin i samarbejde med det danske sundheds-
vaesen, forskningsinstitutioner. patientforeninger m.v.

Stk 2. Nationalt Genomcenter udvikler og driver fielles,
landsdekkende informationsinfrastruktur for personlig me-
dicin, herunder en landsdekkende infrastruktur til udforelse
af genomsekventering og opbevaring af oplysningerne i en
national genomdatabase. Nationalt Genomcenter stiller op-
Iysninger til radighed for personer inden for sundhedsvaese-
net og patienter. herunder oplysninger fra den felles. natio-
nale genomdatabase til brug for patientbehandling m v.

§ 223 a. Sundhedsministeren kan fasts®tte regler om. at
der pahviler institutioner under Sundheds- og Eldreministe-
riet. regionsrid. kommunalbestyrelser. autoriserede sund-
hedspersoner og de private personer eller institutioner, der
driver sygehuse m.v., en pligt til at give Nationalt Ge-
nomeenter genetiske oplysninger, som er udledt af biologisk
materiale efter oprettelsen af Nationalt Genomcenter, og op-
Iysninger om helbredsmassige forhold. i det omfang oplys-
ningerne er nodvendige for gennemforelsen af cenferets op-
gaver.

Stk. 2. Sundhedsministeren kan fastsatte nermere regler
om. at borgere frivilligt kan overlade genetiske oplysninger.
som er udledt af biologisk materiale. til Nationalt Ge-
nomeenter.

§ 223 b. Oplysninger. der tilgir Nationalt Genomcenter.
herunder genetiske oplysninger og oplysninger om helbreds-
mzessige forhold, mi kun behandles. hvis det er nodvendigt
med henblik pi forebyggende sygdomsbekempelse, medi-
cinsk diagnose, sygepleje. patientbehandling eller forvalt-
ning af lege- og sundhedstjenester og behandlingen af op-
Iyvsningerne foretages af en person inden for sundhedssekto-
ren. der efter lovgivningen er undergivet tavshedspligt. eller
hwvis behandlingen alene sker med henblik pa at udfore sta-
tistiske eller videnskabelige undersegelser af veesentlig sam-
fundsmassig betydning og behandlingen er nedvendig af
hensyn til udforelsen af undersegelserne.

Stk 2. Oplysninger som navnt i stk. 1 er ikke genstand
for edition efter retsplejelovens § 804. medmindre der er tale
om efterforskning af en overtredelse af straffelovens § 114
eller § 114 a.«
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anish National Genome Agency

Establish a national infrastructure for
whole genome sequencing and a single
National database for storage

Compulsory storing of data
generated in the health system

May also receive “citizen” generated data

Make data available to the healthcare system
and for research

No police access except in cases of terrorism



Danish National Genome Center’s mandate is
defined by health legislation

Danish National Genome Center

is an institution under the Minister for Health which assists the
Minister with the central administration of issues related to
personalised medicine.

supports the development of personalised medicine in
collaboration with the Danish healthcare system, research
institutions, patient organisations etc.

develops and runs a joint, national information infrastructure for
personalised medicine, including a national infrastructure for
performing genome sequencing and storing of information in a
national genome database.

makes information available for people from the healthcare
system and for patients, including information from the joint,
national genome database for patient treatment etc.
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Ministry of Health
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Danish Health Authority

Danish Medicines Agency

Danish Patient Safety Authority

The Danish Agency for Patient Complaints

Danish Health Data Authority

Statens Serum Institut (SSI)

Secretariat for Council on Ethics and National Committee
on Health Reseach Ethics

Danish National Genome Center
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Computerome 2.0
Danish National Life Science Computer
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Timeline of the National Strategy for Personal
Medicine

2.2

Q i

Pre-analysis Establishment of
(all 2016) governance - Board of ﬁ
Directors and p—
X .
Tx—& committees Law on
(throughout 2017) NGC
Strategy
201
Published (May 2018)
(December 2016)

Novo Nordisk
Foundation allocates
reservations grant of
DKK 1 billion to NGC
(December 2018)

DANISH NATIONAL
GENOME CENTER

NGCis
established as

self-governing
(May 2019)
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E3

NGC starts to Selection of
receive genome patient groups
data (July 2019)
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Financing

Private foundation
grants

990 mio. DKK = 4%

years -
Precision

medicine

National financing —
National budget 2017

100 mio. DKK. 2017-
2020

Existing regional

resources

Public research
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Danish National Genome Center: Infrastructure for
Personalised Medicine

‘ University Hospitals

National WGS center East and West
(Head Office Aarhus)

* Transformation of the
healthcare system

* National
standardisation

* Equal access

Aalborg

‘ Danish National Genome Center

¢

n

Collaboration with Aarhus
(MOMA) and Copenhagen (GM)

Collaboration with DTU and KU
at Risg
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NGC'’s goals
Goal 2

&

N

Secure access for
clinicians in connection
with patient treatment

Secure access for
approved research
projects

Reporting data
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The course of a patient gene test — step by step

Possibly genetic

Referral to hospital ~ Written consent  Blood sample : .
analysis of family

&% 8 T

1 p

83

Offer for genetic
analysis

Genetic interpretation

N
?

Research and
Self-determination DNA analysis  Targeted treatment development of new
and better treatments
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Relationship between elements in the infrastructure

@l lllustrates points of entry to NGC where data is either uploaded or accessed with strict security mechanisms implemented

Regions National infrastructure under NGC

&3 - & - e, — i &~ &3

Requesting Patient sample  Whole genome Data Interpreter interprets Clinician treats
clinician ensures is taken by sequencing analysis genomic variation using patient based on
consent clinician T l interpretation software genomic insights
National
WGS Center
-
National Q[ /
HPC Center -—
-
National
Genome
Database
()
¢}
- —)
Precision Medicine g
Development Unit
Precision Medicine Analytics Research by
Knowledge Base platform researchers
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Guiding Principles for Selection of Patient Groups

Overall principle: Equal access for patients nationally

Expertise and value for the patient

where there is a high probability that the individual patient within
the patient group will benefit clinically from access to whole
genome sequencing in the form of a high diagnostic benefit and
added value compared to current diagnostics

where whole genome sequencing provides special potential for
the patient group by adding significant clinical value, e.g. by
clarifying diagnosis, significance of prognosis, patient care, choice
of treatment etc.

where whole genome sequencing offers special potential for
future patients, where results, knowledge collection and research
in the short term can lead to improvements for patients and for
future treatment based on research

Socioeconomic considerations

that whole genome sequencing can give the possibility of a
faster and more efficient patient care, better diagnostics and
more targeted treatment

that exposure and assessment of the resource impact of the
use of whole genome sequencing will be part of the planning of
the concrete projects

Access to fast and better treatment nationally

where clinical whole genome sequencing or other comprehensive
genetic analyses are already used with the possibility of
extending the use nationally

where a national collaboration to introduce whole genome
sequencing in the clinic has already been established

where whole genome sequencing is based on strong clinical and
research environments, which already have the necessary
experience, competences and resources available for clinical
utilisation of whole genome data

where there is international experience with clinical use of whole
genome sequencing for the patient group

Broad effect

NGC should offer whole genome sequencing to a wide range of
patient groups

22
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72 applications with patient groups for inclusion
under NGC

Applications included 10-18,000 patients per year per patient group within a broad field of disease areas

* Applications from all regions and 18 medical societies

* Applications cover the following categories: y

Endocrinology VIDENSKABELIGE
Fetal medicine SELSKABER

Cardio, lung, infection and immunology
Hematology

Cancer

Neurology and psychiatry
Kidney diseases
Other (e.g. rare diseases)

23
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Process for selection of patient groups for WGS

Phase 1: Phase 2: Phase 3: Phase 4: Phase 5:
Applications Assessment, consolidation of Decision Implementation Selection of new patient
patient groups, volume estimate groups

Approval by S _ National
Board for new clins,iz;natslzlecsirr:qdent Be.gtl.onil distribution of New round of
selection process b i prioritization patients applications of
y Working sroup patient groups

Appointment Qualification in Research Board to Fiiscuss Process for fast
of clinical and Infrastcructure the r'e_gl0f.18| initiation of
working group Committee prioritization patient treatment

T Regional
Applications from Croas:sgésscnl’]p!:qntary selection of
Regional health CEOs patient groups
NGC adopt the

regional
prioritization

24
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Extensive linkability to Danish lifelong multimorbidity
journeys in disease space

Hu, Thomas & Brunak
Nature Rev. Genetics 2016,

* e £ 4=

[ Disease variants Background variation Somatic mutations Environment]
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Combining deep phenotypic EHR data with registry data

Antidiabetics  prescriptions Complications Blood pressure

HbAlc C-peptide Medication Dossage py opq| comsumption
BMI Smoking Biochemical monitoring
Eye and foot status Diagnostic tests Symptoms

BigTempHealth

Danish National Prescription Registry

(©2006-2016

Danish Adult Di
(1999-2018

Danish National Patient Registry

® 1976-2018

® 1970-2018

Danish Register for Causes of Death )
Danish Blood Donor Study

Death way Diagnoses
Death reason Status (dead/alive)
Sex Age Duration of admission

@ AAUGGCAUC

1976 2020

Courtesy AD Haue
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Life-course trajectories and health-to-disease transitions
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