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Republic of Estonia

Political Map of the World, September 2008 Flag Coat of arms
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Member of the European
Union since 2004

Schengen Treaty since
2007

* Population size: ~1.3 million EUR as our currency

e Territory: 45 000 km? since 2011



Per Med Definition in EU documents

* Personalised medicine refers to a medical
model using molecular profiling for tailoring
the right therapeutic strategy for the right
person at the right time, and/or to determine
the predisposition to disease and/or to deliver
timely and targeted prevention

This is the EU H2020 definition of the Per Med.
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Background of the Estonian Genome

Center

 EGC is the Research institute of the University of
Tartu, which keeps the Estonian Biobank

* Longitudinal, prospective, population based
biobank, established in 2000
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e 52,000 gene donors recruited (5% of the adult
population), follow-up is on-going

e Supported by the government (HGR Act)
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§ 3. Chief processor of Gene Bank

(1) The chief processor of the Gene Bank is the University of
Tartu, whose objectives as the chief processor are to:

1) promote the development of genetic research;

2) collect information on the health of the Estonian
population and genetic information concerning the Estonian
population;

3) use the results of genetic research to improve public
health.
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Population pyramid (50155 participants)

Count Estonia
5360 8040

Count Estonia

13400 10720 8040 5360 2680 0 0 2680

I 84
[ 82

Female — 80

[ 78
EGCUT - 76

O Estonia 2007 L 74 |

[ 70 l
[ 68 ]
[ 66 ]
[ 64 ]
[ 62 l
I 60 ]
[ 58 ]
I 56 @ ]

| o |
| 54 < l

[ 52 1
| 50 |
I 48 ]
[ 46 ]
[ 44 ]
| 42 '
| 40 I
I 38 ]
[ 36 ]
I 34 ]
32 '
| 30 ]
| 28 |

10720

[ 26

13400

Male

EGCUT

O Estonia 2007

[ 24

[ 22

20
f T I T T T T T b%\u’ ' ' ' ' '

2N
700 400 300 200 100 o‘\ (VN 100 200 c300 £ C:lgST 500
Count EGCUT estonian genome center ount

university of tartu




Questionnaire of

EGCUT
| | | ]
Personal data Genealogy Health behavior Diseases Objective data
. Smoking and Diagnosis . .
Place of birth Parents alcohol 1D — 10 Height & weight
Personality Treatment
Place of residence Children inventory Blood pressure
NEO-PI-3 ATC
. .. Psychiatry
Physical activit
Nationality Siblings Y EQ-5D Y module Pulse
Q- M.I.N.I. and SSP
. - Questions about
Education Grandparents Nutrition diabetes Handedness
Health self Questions
. ealth self- .
Occupation assessment about ¢/v Waist
diseases
Chronotype
questionnaire Hip
MCTQ
O
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A cluster analysis of nutrition data

with 8 clusters
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R R R RIRR ALY



0.1 @ Europe
008 mCHB
0.06
AJPT
0.04
“ea, OYRI
0 "...
PC136.6% || CEU..'
012 -0.07 0.0205 0.03
_-' 0.04
. X
+ 006 | %
. N
008 | N
. (3]
. 01 | &
0.07 -

0.05 -~

@ Bulgaria

3040 M
20-30M
15-20 M

10-15M
5-10 M
2-5M
1-2M
<iM

[]
L]
L]
u
L]
]
L]
L]
L]
L]
L]
L]
[
L]
L]
L]
L]
L]
L]
[
L]
L]
L]
]
L]
L]
L]
L]
L]
L]
]
L]
L]
L]
L]
L
L]
[
L]
L]
L]
L]
L]
L]
[
L]
L]
L]
]
L]
L]

KX Finland (Helsinki)

A Czeth Republic
- FinIand’tK,tiusamo)
= Southern Gétmany

+ Southern Italy ‘o
0..
0.’

2 RIIEBE B

.: @ Austria

.: O Estonia

:. OFrance K Northern Germany

,: Hungary A Northern Italy

: # Latvia = Lithuania X Poland

: @ Russia + Spain Sweden *

3 = Switzerland o C?QFEI’
urnvel JIL] vl tdriu v,




Public opinion and awareness of the EGCUT
2001-2014
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e-Health
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wes» Estonian

2>\ Information System's Estonian information system
Authority

Public sector Private sector

Health 4
Insurance vehies Tel
nsurar % .
. Register Energy elecom
Register 2

Population
Register

Security server Gecurity server Gecurity servey Gecurity server cecurity server Gecurity server gecurity servey

Internet

Gecurity server Gecurity server

iha. eestl.ee

User interfaces X-Road Center

Certification
Center
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The Estonian ID card

The ID card is a mandatory ID document for all Estonian
residents from the age of 15

Enables secure digital authentication and signing

A digital signature has the same legal consequences as a
hand-written signature

Does not have any additional information

— No bank account, no health information etc.

Active cards: 1 221 948 (08.09.2014)
— Digital signatures: 174 385 946
— Estonian Population 1 286 540 (01.01.2013)

— Estonia has been issuing electronic ID cari
2002

— Also Mobile-ID

ISIKUTUNNISTUS.
REPUBLIC OF ESTONIA IDENTITY CARD
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Authentication

|
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National Patient Portal

1.1 mio persons medical data

- ' = Do e
Minu Terviseandmed BEERIE
andmed Saatekirjad avaldused
Uuringute vastused
14212128025 Epikriisid
KINDLUSTATUD Diagnoosid
Perearst: Nimi ja perenimi Terviseteatis

Vaktsineerimise pass

m Raviarved n
Vakisi-

Fsindatavad =~ Uuringud ja

o ' 1 ]
A analiusio neermine
45002280788
CARL KUUSK Uuringute vastused
34908027790 Analiiliside vastused
JANEC CUUSK
39107077773
JANEC CUUSK

39107077773

Broneeri

Esindajad

KATY CUUSK
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From questionnaires to the national registries

Population Registry

Estonian Causes of Death Registry
Estonian Cancer Registry
Estonian Myocardial Infarction Registry

Tuberculosis Registry

National Digital Health Record Database

Health Insurance Fund

Y
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Data collector:
baseline phenotype data

3

N4

8

The broad informed consent.

\ Phenotype data /

(demographics, health, behavior,...)
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Tartu University Hospital

North Estonia Medical Center

SN

Phenotype database
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Disease trajectory (for all 50 000 subjects)

e.g. male, born 1970, age 37, joined 2007, high school, no sports,
walking 2h/week, smoking 20 cigarettes per day, 2 strong drinks per
week (2x40cl), height 178, weight 87, BMI 27.5, BP 130/78 mmHg

Birth Recruitment
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Hospital Clinical Labs

Basophils 35806 o e »
Eosonophils 35784 /

60.00

Hemoglobin 31725

Lymphocytes 36424 \ / / /\ -

e
Red Blood Cells 64019 \'—<

ALAT, ASAT, CRP
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Deep (30x) Whole Genome Sequencing
of 2500 subjects
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Novel and known variants

© Novel SNVs and indels
© Novel indels
u Known variants

100% — l:] .
80% —
60% —
40% —
20% —
0% —

C=1 AC=2 005-05% 05-1% 1-5% =5%

Proportion

MNon-reference allele frequency
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Average human

* 3 million mutations

-

— 5000 unique
— Loss of function A
e 120 heterozygous
e 18 homozygous
Y8 y
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health Insurance -
—

records Fund data —
_a

ADR diagnoses Drug prescriptions —_
(ICD10 codes) (ATC codes) -

Genome and
Pharmaco- LoF & Exome
. non-syn
genomic Sequences

variants
study

Biobank [
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lifestyle

Recontact subjects Drug metabolism

h enzyme and
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Drug prescriptions for subject
with LoF mutation in CYP2D6

1.Venlafaxinum
2. Sertralinum

|

M60.8 22 2 2 2 2 2 22 2 2 2 22 2
. ¢ ¢ ¢ ¢ ¢ ¢ 00 0 * ¢
11
*e -
-
9/14/11 4/1/12 10/18/12 5/6/13 11/22/13  6/10/14  12/27/14  7/15/15 1/31/16 [
Venlafaxinum is mainly metabolised by CYP2D6 and Sertralinum by CYP2B6. =
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Individuals with mutations in lipid

—
pathway —
APOB 21229160 p.Arg3527GIn Clinvar Male 40 E78.0 186 - OK -
APOB 21229160 p.Arg3527GIn Clinvar Female 72 E78.0 235 yes OK
APOB 21229160 p.Arg3527GlIn Clinvar  Female 25 E78.2 247 - oK m
APOB 21229160 p.Arg3527GlIn ClinVar Male 72 E78.0 196 - oK m
APOB 21229160 p.Arg3527GlIn ClinVar Male 27 - 212 - oK
APOB 21229160 p.Arg3527GlIn ClinVar Male 49 - 175 - oK
APOB 21228842 p.Trp3633X - Male 87 - 38 - novel ?
LDLR 11221373  p.Cys329Tyr  LOVDand UCL  Male 19 E78.0_6 211 yes oK ™
LDLR 11221373 p.Cys329Tyr LOVD and UCL Female 36 E78.0 189 - OK -
LDLR 11224058  p.Alad31Ser g:ﬁ::iggt‘; Male 29 - 190 - novel oK 2
LDLR 11224074 p'\@';:g“a ucL Female 73 E78 182 - oK -
LDLR 11217295 p.His250Arg p.His250His  Female 76 E78.0 112 yes novel probable
LDLR 11230820 p'A('rEg)(fsA?’g’)His S:ﬁ:gggg'g; Male 66 E;S'Sﬁ?'z%;zzs' 92 yes probable ™
LDLR 11216225 p'A(rEgXZAICS)CVS p.Arg2155er  Male 58 : 162 . novel? ? ]
LDLR 11223954 (Féfﬁ'\‘g’gsfﬁd? Ir:;‘e‘:;gucé":rir;{( . Male 31 - 134 - novel? -
LDLR 11213349 p.Thr67lle - Female 33 - 57 - novel ? B



Do we have enough information to
start with the precision medicine?
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Coronary Artery Disease

CAD prevalence in individuals aged 40-75

52 O Below-average genetic risk

25% 7 O Above-average (50-90%) gen. risk
B Highest decile of the gen. risk
20% — 144
146
15%
97
10% -
81
5% -
e wRA
Males n Females
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Polygenic risk scores

—
—
Calculatedas S = B, X; +B,X, +... +B.X,,
X,..., X, - allele dosages for k independent markers (SNP-s), —
typically the ones with strongest effect
By, B, -, B,—effect estimates (logistic regression parameters, In ===
OR) from a GWAS meta-analysis p—
Polygenic risk score for type Il diabetes: -
histogram of the score in 7462 individuals (Estonian Biobank) —_—
g = Ind|V|(_:Iua_Is at high
5 genetic risk o
& S
CDD' Al b
o
L 8 _ —
S p—
_ [ ]
© | | | | e hos o | | |
LS —
30 35 40 45 60ATNss5 60 65 —
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Incident Myocardial Infarction

0.10

0.08

0.06

0.04

0.02

0.00

Cumulative risk of Myocardial Infarction in men
(age 40+, 70 cases in 2274 individuals)

— Highest gen.risk score quintile (>80%)
— Above-median risk score (50-80%)
— Below-median risk score (<50%)

p=43.10"°
32 cases

p=0.04
18 cases

| | | | | |
0 1 & 3 - ) 6

Follow-up time (years)
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A weaker, but
still significant
effect seen in
women: p=0.005



Prevented deaths of CHD in Finland

Screening for traditional risk factors

SEE—
>20% Risk
N=17 404 ASSUmQ
-3892 cases treated
-13512 non-
cases
)
10-20% Risk
N=18 223 Assume no
- 2315 cases treatment *
- 15 908 non-
cases
Me—
)
<10% Risk
Assume no
N=64 373 N treatment
- 2422 cases or fur_ther
-61 951 non- testing
cases

S \Cs ©

NON

>20% Risk
N=2144
- 676 cases

- 1468 non-
cases

10-20% Risk
N=12 604
- 1366 cases

-11 238 non-
cases

( -
<10% Risk

N=3475

- 273 cases

- 3202 non-
cases

| N

Tikkanen, E. 2013. Genetic risk profiles for coronary heart disease

estonian genome center
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/ By treating 2144
persons who have

>20% risk when the
genetic information is
known 135 deaths
would be prevented in

10 years!



1

Incident T2D: analysis of 264 incident cases in

overweight individuals free of T2D at recruitment

0.12

0.10

0.08

0.06

0.04

0.02

0.00

Cumulative risk of T2D in 3421 individuals
BMI at recruitment >24 kg/m2, age 35-74

— Highest genetic risk score quintile (>80%)

— Average risk score quintiles

(20-80%)

— Lowest risk score quintile (<20%)

p©83%0°

p21.9%0"°
153 cases
30 cases
[ [ [ [ . \o’l o [ [
0 1 2 3 IATS 5 6
estonia enome center
Follow-up pe BEAS ) tar

No significant sex
difference,

genetic risk score i#
the strongest predi

after BMI

(fasting glycose and
insulin measurementsw
are not available for
this cohort)



Type Il diabetes risk for men depending on age and BMI

60% -

0%

40% -

= High genetic risk (>30%)
== High genetic risk (>90%)

== Average genetic risk (10-90%)
== Average genetic risk (10-90%)

= Low genetic risk (<=10%)
== Low genetic risk (<=10%)

30% -

20% -

10% -

0% -

Age

university or tartu

BMI>35

BMI<=35
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What is Clinical Decision Support
Software (CDSS)?

CDSS provides clinicians with knowledge
presented at appropriate times

It encompasses a variety of tools such as
computerized alerts, clinical guidelines, and order
sets

CDSS has the potential provide the necessary
level of personalized guidance to providers at the
point of care that will be necessary in the era of
genomic medicine

This is a tool to advise PCP (like radiology report)
TR
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Economic burden of T2 diabetes
(GER) 2000-2007

 Prevalence of treated diabetes rose
continuously from 6.5 to 8.9% (+36.8%)

* Direct costs per patient with diabetes rose
from€5197to€5 726 (+10.2%)

 Total direct cost burden of diabetes in

Germany grew from € 27.8 billion to € 42.0
billion (+51.1%)

e per-capita costs were € 2 400 in 2000 and € 2
605 in 2007 (+8.5%)

CKONR

NAN
Exp Clin Endocrinol Diabetes 2011;,412(6)-377-385
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Virtuous Cycle of
Clinical Decision Support

w—

Registry Measure
Practice Guideline

N,

http://www?2.eerp.usp.br/Nepien/DisponibilizarArquivos/tomada de decis%C3%A30.pdf
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Future of the biobanking

Clinical Research
Care Cohort

Clinical o Research
Information Data

*Committee on a Framework for Developing a New Taxonomy of Disease;
“Towards Precision Medicine', National Research Council November 201 |

Mount The Institute for Personalized Medicine at Mount Sinai From Prof. Béttinger
Inal




REPUBLIC OF ESTONIA

»  GOVERNMENT Govern ment

16.12. 2014. the Cabinet approved the Pilot Program of
Personalized Medicine”

Current government has “Personalized Medicine” as one
of its activities for the next period

From 1.03.15. the Ministry of Social Affairs has a new
position “Deputy Secretary General for E-services and
Innovation”

Feasibility study has finished and next step, 3 pilot
projects, are in preparations

a bl



Challenges and issues

Awareness executives, doctors and patients

New technologies and data empower patient
with more possibilities to manage own health

Ethical issues

— Right to know and right not to know

— Treatable and non-treatable conditions
— Big data, cloud

Not enough knowledge about associations
between DNA variants and diseases, but
Improving

Large work-load to keep database of known
risk variance updated

NXOY-R
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-

Conclusions

—
—
* Estonia has great potential to plan and implement
personalized medicine solutions for the whole country, e
starting with the pilot project for 50 000 gene donors
— Genetic research with 5% of population genetic and _—
continuously updated phenotype information —
— Nation wide Health Information Exchange platform =
— 10 years of experience of national level e-services (PKI, X-Road, =
ID-card, security framework)
— High level public trust and acceptance —
R
TR —
estonian genome center —
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