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Imprecision
medicine

IMPRECISION MEDICINE

For every person they da help (blue), the ten highest-grossing drugs in the
United States fail to improve the conditions of between 3 and 24 people (red).

1. ABILIFY caripi 2. NEXIUM
Schizophrenia Heartburn
L]

e o @

=ie =i
=ile =i)e
=ile =i
=ie =i
=ie =i
= =P
=i =

=ie

#
#

3. HUMIRA (adali 4.CRESTOR ¢
Arthritis High cholesterol
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5. CYMBALTA (duloxetine) 6. ADVAIR DISKUS (fluticasone propionate) 7. ENBREL (etanercept)

Depression Asthma Psoriasis
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8. REMICADE (infliximab) 9. COPAXONE (glatiramer acetate) 10. NEULASTA (pegfilgrastim)
Crohn's disease Multiple sclerosis Neutropenia
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Det “raske” danske referencegenom er feerdigt

Et enkelt individuelt danske genom vist pa den officielle "verdensreference”
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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 2017, to appear.



TCCAAACCCAGGCTCTCTCCCAAACCAGTTTGCGGCAGATGGCCAGTGGAACCTCACTCTCCTCATCAGTAAAAAGGGGGCAGAGTGAGGGTCCTGAGAGCTAGTACAGGGACTGTG
TGAAGTAGACAATGCCCAGTGTTTAGCGTAAGAATCAGGGTCCAGCTGGTGCTCCCTAAACAGCAGCTGCTGTTCACTGTTGAAAGGCGCTCTGGAAGGCCAGGCGCGGTGGCTCAT
GCTTGTAATCCCAGCACTGTGGGAGGCCGAGGTGGGCGGATCACCTGAGGTAGGGAGTTCGAGACCAGCCTGACCAACGTGGAGAAACCCCATCTCTCCTAAAAATACAAAATTAGC
CAGGCGTGGTAGCACATACCTGTAATCCCAGCGACTCGGGAGGCTGAGGCAAGAGAATTGCTTGAAACCAGCAGGGGAGGTTGTGGTGAGCCAAGATCGAGCCATTGCACTCCAGCC
AGGGCAACAAGAGGCAAAATGGCGAAACTCCATCTCCGAGAAAAAAAAAAAAAAAGAATACTTTCTGAAAGTATTTATTCATACAAATAAAGACTTGACCCATAAGGTAGGAACGCA
AATGGGCCACGGAATCACTCATTCCACAGTATACACCGAGTGCCCTTGAAGTGCTGGGCACTGCTCCAGGATTGGGGGCATATTGGTGAAAAGAGAAGCAAGCCTGCCTGCTCAGAT
GGCAGGGAATGGGGAAAAACAGGGAGACAGTTTCCTGTTTGAGATGTTGGGAGTCTGCTTCGAGTAGTATATTTACTGGAAATAGACCACTAACTTGGATGTCCCTTTTTGGAAATG
TGCCTGCGTCCAGGGCTGGGTTGGGGCCCCAATGAACTTTGGCTCTGACATAGCTGTTGCCACACTCAGTGGAACTGAATCCATGTTTGCCTTCACCCGGCATCCTTCACCCCAACT
CTCCCCGCCACAACATACATCCCATGCCAGCCTGGGGACCCTCAAAGGTGCTTCATCATTAGGTTTGTGGCTGGGTCCTACTGAAGTAAGTCTTGGCACTCAGAGGGATAGGAATTG
AATGAAGACATGAGATTCCTCTGCGGGAGGCCTCTCTAGGAAATCTGTGGACTCACACGTTTACTAATGTTGCTGCAGCCCCGCACCCACCTTGGCCTTGGGCAGCCATACTCTAGG
GCTTTTGTAACCTCTCCATGTGAGGAACTCAAATTAGACCTGGGTTTGGAGGCGGTGCTCCGAGCTGGCCTTTGGGGGAGGTTTTGTGCGAGGCATTTCCCAAGTGCTGGCAGGATT
GTGTCACAGACACAGAGTAAACTTTTGCTGGGCTCCAAGTGACCGCCCATAGTTTATTATAAAGGTGACTGCACCCTGCAGCCACCAGCACTGCCTGGCTCCACGTGCCTCCTGGTC
TCAGTATGGCGCTGTCCTGGGTTCTTACAGTCCTGAGCCTCCTACCTCTGCTGGAAGCCCAGATCCCATTGTGTGCCAACCTAGTACCGGTGCCCATCACCAACGCCACCCTGGACC
GGGTGAGTGCCTGGGCTAGCCCTGTCCTGAGCACATGGGCAGCTGCCTCCCTTCTCTGGGCTTCCCTTTACCTGCTGGCTGTGGTCGCACCCCCACTCCCAGCTCTGCCTTTTTCTC
TTCTGGGTCCCCAGGGTGAAATTCTCACCAGCCCAGGGGACTCTGGAGGCACCCCCTGCCTCCAAACACAGAAGCCTCACTGCAGAGTCCTTCACGGAGGACGGTTCTGTGCTGGGC
CTGGAGGGGCTGCCTGGGGGGCAATGACTGATCCTCAGGGTGAGCTCCTGCATGCGCACTGCCCACCAGGGGCCTCATCTCCCCATCTGCAAAATCAGGGAGAGATCTGCCTGAGTC
TCCTCCCAGCTGACAGTCAAAGATTCAGCATCAAGCCCCCATCACCAGCTCCCCCCTTCTCCCCAGATCACTGGCAAGTGGTTTTATATCGCATCGGCCTTTCGAAACGAGGAGTAC
AATAAGTCGGTTCAGGAGATCCAAGCAACCTTCTTTTACTTTACCCCCAACAAGACAGAGGACACGATCTTTCTCAGAGAGTACCAGACCCGGTGAGAGCCCCCATTCCAATGCACC
CCCGATCTCAGCTGTCTGGCCAGAAGACCTGAGCAAGTCCCTCCTTCTTCCTGGCCTTGGCCTTCCCATGGGTGGAACCGGGAGGGTTGGCTTTAATCTCCACCAGAACTCTTGCCC
CGGGACTGTGATGGGCGATTGGCCACTTCTCCTCGATAACATTACTGTTTTTCTTCCGCCTTCTGGTTGACTTTAGCCAGAACCAGTGCTTCTATAACTCCAGTTACCTGAATGTCC
AGCGGGAGAATGGGACCGTCTCCAGATACGGTGAGGGCCAGCCCTCAGGCAGGAGGGTTCACCGTGGGAACAGGGCAGGCCAGCATAAGGTGGGGGCTGGATGTAGAGCCCTGGAGG
CTTTGGGCACAGAGAAATAACCACTAACATTTTTGAGCTCTTACCACGTGCTCAGAAAAAATCCCTAAGAAGACACTGAGAGAATTAGATGAGGAAACATAAGAACAGAGACCTCAA
ATAGTTTCCCCAAGGTCACACAGCTTATAATTAGAACTAGAATTGGAACTCCAGGCTGGCTTCAGATCTGCCTCTCTCTCACGCCCTCTTTAAGATCCTTTGCAAACCAATGGTAGA
AGCCTGTATGTTGGAGAGGTGGTACCTTCAACTATGTCCCCCATCACCGCAGAGGTGGCACATGGCAGGGATCTGATGGAGCTGAACTGACATCATTTAGCATCCCGAGCCTCCTCT
CTGGGCCTCATTTTCCTCCTCTGTAAAACGGGGAGAAAGGCCCTGACAGCCACAGTCTGTGTGAGGCTCCTGAGATCTCATGTACAGAAAGTGCTTGGCGTGGAGCTGGGCACGCAG
CAGGGGCTGGGCACACGGTGGCCCAAAGGAGACCCGGGCCTTCACTGATGGGCTTTGTGGCCCCGGACACATTTCTCTTCCAGAGGGAGGCCGAGAACATGTTGCTCACCTGCGTTC
CTTAGGGACACCCCTAGGACTCCTCACCTGTAAGACAGGCACCATTGTGCCATCCCATGTTCTCACCCAGAGGCTCTTAAGACCTTGATGTTTGGTTCCTACCTGGACGATGAGAAG
AACTGGGGGCTGTCTTTCTATGGTAGGCATGCTTAGCAGCCCCAAACTCATGCCCCTCTCAGGCCTCACCCCCCATTCACCCACCCCTGGGCTGGCCCCTAGAACCCCAGCCCTCCC
TGGCCTCCGCCGGGCCCCACCATGTCCCCAGTCAGTCTCCTTGCTCCCCCTGCAGCTGACAAGCCAGAGACGACCAAGGAGCAACTGGGAGAGTTCTACGAAGCTCTCGACTGCTTG
TGCATTCCCAGGTCAGATGTCATGTACACCGACTGGAAAAAGGTAAACGCAAGGGATTGGACATTGCCCACCTTGTCCATGGCCCAACTTGGGCAGCCCCAGAGGCCCAGAGCAGGA
AAGCTGCCAGGCAAGGCTGCACAGCTAGGCAGATCTTCTGCTTTTAGGCACCTGCCTCACTGTAGGGACAGCTGAGCTCTACAGAGGCCCAGGGGTGGTGGATGAGAGCCCAGGAGG
GAGAAGTCCCTGTGAAACCAGGGAGGACCTGAAAGCTAACAGGAGGGAACAGCGTGAGCCACGGGGTTGGGGGATTGGCAATTGGAGGGGACGTAATGCGGGGAGTTACCACCTACA
GACGCGTCCCAAACCCCAGGCTTTCACCCCAACCTCCACTCCCCGCTCATTTTTAATACCCGTGCAGTGGGGAATTGATACTGTGGTTTTCAATGTCACCCACACTGCAGCACGGCC
ACAGTCACCATCCCGATTTTTGCTACAAATGAAAATTACTGTATAATGAGCTCCTTAACACTTTTCTTTAAACCTGTGTTTGGAAGACTTGTGTTGGTGTGGCCCTGTGCCCTAATA
CCTGTGAAATCACAGCACCGATGAGCTGGTTCCAATTTTTAAAATATATACATGCAGTACTTCCATGACTATTCAAAGAAAAACAATTCCTTCCATTTGCCACCTGAGATGACCACC
AGGGATGTGAACTACCTCCTGCCCCATCCCCAGCCCCAGGATCCTGGGACAGGGCTTATGAACGCAACCACTGTAGTCAGCTCACTTGATCCACAGCCTGGCACCTCCACTGTCTGG
CTAGGGAGCCTCGAATGGGTCCCAAGGCCACCCTGCTCCTCAGTTACATCATCTGCATAGTAGTGGTGGTTGTGAGGAATTCAGGAGCTGCAGCATAAGGGCCCTGCAGGTACTATG
TGCTCAGTAAATGCCAGTGGTTCTTAAGGGTCTGAGCTCCCATTGTAGAGGCAAGTAAGCTGAGGTTCAGAGAAGAAAATGACTTGCCCAAGATCACCCAGCTGGGAAGTGACAGTG
CCAGGGTTGGAGCCCTGGTTGAGCTGGTTCCACAGGCCAGAGCTCATTCTGCCCTCTCCCCGGAAGACCTCCCACCCTGTCCCCATGCCTCTGCTTCTCCCTCACCCCAATTCCCCG
CTGCCTTCTAGGATAAGTGTGAGCCACTGGAGAAGCAGCACGAGAAGGAGAGGAAACAGGAGGAGGGGGAATCCTAGCAGGACACAGCCTTGGATCAGGACAGAGACTTGGGGGCCA
TCCTGCCCCTCCAACCCGACATGTGTACCTCAGCTTTTTCCCTCACTTGCATCAATAAAGCTTCGCATCGGCCTTTCGAAACGAGGAGTACAATAAGTCGGTTCAGGAGCCCTCAGG
CAGGAGGGTTCACCGTGGGAACAGGGCAGGCCAGCATAAGGTGGGGGCTGGATGTAGAGCCCTGGAGGCTTTGGGCACAGAGGCCACCCTGGACCGGGTGAGTGCCTGGGCTAGCCC
TGTCCTGAGCACATGGGCAGCTGCCTCCCTTCTCTGGGCTTCCCTTTACCTGCTGGCTGTGGTCGCACCCCCACTCCCAGCCCCCAACTCTCCCCGCCACAACATACATCCCATGCC
CAGGAGGGTTCACCGTGGGAACAGGGCAGGCCAGCATAAGGTGGGGGCTGGATGTAGAGCCCTGGAGGCTTTGGGCACAGAGGCCACCCTGGACCGGGTGAGTGCCTGGGCTAGCCC



o? UNIVERSITY OF COPENHAGEN

Den livslange multi-morbiditetsrejse i
sygdomsrummet

" Disease 3

Disease 2
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Disease 1

[ Disease variants Background variation Somatic mutations Environment ]
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Hu, Thomas & Brunak
Nature Rev. Genetics 2016,
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Sygdomsprogression, gen-netvaerk, og
sygdomskorrelationer

Disease progression

Stochastic
Healthy perturbation Environment Rewiring Comorbidity

Disease 1

Disease 2
Healthy state robustness Disease state robustness
O Protein 9 Common disease variant @ Genetic perturbation @ Environmental perturbation — PPl - - Lost/weak PPI

Hu, Thomas & Brunak
Nature Rev. Genetics 2016
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Vaek fra primeaert at analysere sygdomme enkeltvis

Sygdomskorrelationer

Sygdomstrajektorier
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Sygdomstrajektorier for 7 millioner danskere

(ICD-10 era, 1994-2015)
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Landspatientregistret (/M danskere)
ICD-10 diagnose som funktion af alder

200000
Ind 100000
ICD 10 chapter coloring
2: Neoplasms
0
200000 4: Endocrine, nutritional and metabolic diseases
6: Diseases of the nervous system
Am b 100000 9: Diseases of the circulatory system
10: Diseases of the respiratory system
11: Diseases of the digestive system
12: Diseases of the skin and subcutaneous tissue
A g 13: Diseases of the musculoskeletal system and
0 connective tissue
1 21 41 61 81 1 21 41 61 81 dhsiva:.
16: Certain conditions originating in the perinatal perio
17: Congenital malformations, deformations and
100000 chromosomal abnormalities

18: Symptoms, signs and abnormal clinical and
aboratory findings, not elsewhere classified

19: Injury, poisoning and certain other consequences of
external causes

20: External causes of morbidity and mortality

Akut

0

81

Kvinder Mz=end AB Jensen et al.,
Nature Comm., 2014
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Hvilke er hyppigst ?



Hvilke diagnoser far man efter hinanden ?
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Sygdomstrajektorier fra diagnose-par med
signifikant retning
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Diabetes trajektorie-netveerk

Nondiabetic hypoglycaemic coma Dlhf!r disorders

of urinary system
Other disorders of pancreatic
intemal secretion
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Disorders of vitreous body @

kidney and ureter

Disorders of vitreous
body and globe

Atherosclerosis unspecified site
Chironic renal failure
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valve disorders from impaired renal
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Precisionsmedicin skal reducere bade
overdiaghoser og underdiagnoser

Suboptimal
diagnostic

process

......
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Lus
ML
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Diagnostic
process failure

Diagnosis
|label failure

Optimal
diagnostic
process

‘Near miss’
process
problem™

Harm from
overtesting &
overdiagnosis®

Preventable
diagnostic
error

o

£ =™ >» T

* ‘Near misses’ and harm from overtesting and overdiagnosis also result from suboptimal diagnostic processes

Undigg_nqse_:d &
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17/05/2017 16

A unified conceptual
model for diagnostic
errors:
underdiagnosis,
overdiagnosis, and
misdiagnosis,
Diagnosis, David E.
Newman-Toker 2014|



Identifikation af underdiagnosticerede patienter ved
sammenligning af trajektorier

Color Key
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Demens: registerdata er ofte ikke
tilstraekkeligt specifikke

Vascular dementia Dementia in other diseases classified elsewhere

(FO1) (FO2)
Dementia in Alzheimer disease ‘ Unspecified dementia
(FOO0) ' q (FO3)
100,663

O
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Alle patienter med FOO, Demens i Alzheimer’'s sygdom

= H26 Other cataract

Senile cataract H25

Non-insulin-dependent diabetes mellitus @\®

Atrial fibrillation and flutter
Heart failure

Acute myocardial infarction @/

Chronic ischaemic heart disease

@ > . Other anaemias
—>

Insulin-dependent
diabetes mellitus

@ Unspecified dementia

Angina pectoris @
@ Dementia in Alzheimer's disease

s

isorders of lipoprotein
metabolism and other
lipidaemia

Other hearing loss

Hyperplasia of prostate |40

Female genital prolapse Ng1
” @ Other disorders of fluid, electrolyte and acid-base balance

Gonarthrosis @
Dorsalgia @

Sequelae of cerebrovascular disease

5.000 10.000

®

Cholelithiasis

nPatients 200
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FOO patienter (ikke FO1 Vaskulzer/FO2 Andre)

Internal derangement of knee @\Gozafthrosis

Osteoporosis without fracture

@; \ Osteoporosis with fracture
Depressive episode @

Other peripheral vascular
diseases
’ N
Atherosclerosis @ v

Chronic ischaemic heart disease

Acute myocardial infarction @

@ Dementia in Alzheimer's disease

Angina pectoris

Stroke, not specified as
haemorrhage or infarction

Disorders of lipoprotein
metabolism and other
lipidaemias

Cerebral infarction

@

Insulin-dependent

Non-insulin-dependent diabetes @\"’— / in-depen

Other disorders of pancreatic

internal secretion H26
Senile cataract H25 Other cataract
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Overlevelse af demens patienter

— Alzheimer’s Disease - Vascular dementia — Unspecified dementia — Potentially undiagnosed AD
100% -
75% A
9
&
S 50% -
£
3
CD —
25% -
| ' —
0% A

0 5 10 15 20
Time after diagnosis (Years)




DISEASE TRAJECTORY SEARCH:

ALL DIAGNOSES (UNION)

SEARCH:

FILTERS «

EDGE ANNOTATION:
PATIENTS | REL

e ibee

NODE ANNOTATION:

¥ INSTANT SEARCH
@ PERFORMANCE ISSUES?

—

Forward

=
MNeighbours

Zoom 1:1

Export Delete

Information

Data from: Danish National Patient
Register (Landspatientregisteret)

Population: ~6,900,000 people
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Fra registerdata til big data

g
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Fra registerdata til big data

ﬂh

Data Growth
Driven by Unstructured Data

= - 80 Exabyles

 88%

i Unstructured
+ Data

“12%

Structured
Data

Dalabasa

17/05/2017
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Diagnosis DE107
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Praecise feenotyper fra text-mining af
elektroniske patientjournaler

F20 — |

det drejer sig om en 36-arig sygemeldt mand der overflyttes fra frederiksberg
hospital, afdeling m.h.p. l&ngerevarende rehabiliteringsophold. ,. er allergisk overfor
kat og parfume, men tiler penicillin. ......... er 1 besiddelse af en vis indsigt og virker
svart forpint. ang. det at vi tilrdder, at hun har brug for at veere mere i afd. , siger hun
til det, at det for hende er som at veelge mellem pest eller kolera. ............ Har stadig
mange spergsmal omkring skizofreni og er meget bekymret for hvordan hendes
fremtid ser ud. er meget plaget af tanketreeghed og er bange for at det er et led 1
sygdommen. der siges til hende at det godt kan vaere bivirkning af risperdal men at
der ikke laves om pa medicinen, fer vi har leert hende bedre at kende. ......... Har
haft [EIIGIAHONeT p4 nogen af sanserne .......... har veret til laegesamtale idag. der \
snakkes en del om diagnose og at pernille har svert ved at forholde sig til at have

ia en skizofreni.,det virker som om pernille er blevet lidt mere afslappet, selvom
hun stadig har gang i mange ting. ........ pt. meder til samtale i dag, hvor vi gennemgér
mit udkast til erkleringen til pensionskassen. endvidere udsperges der til pt.s diverse
symptomer pa paranoid skizofreni. .......... i denne beskriver hun at "hendes sterste

F200

Deidentificeret
Journal tekst

problem nok er den manglende sociale evne, som er en falge af sygdommen
(paranoid skizofreni) og henviser til contras beskrivelse" ......... Pt. Navner sin -,
som han mener har en nerves lidelse, muligvis SOCIANIODI .......... pt. har her til aften
angivet tiltagende bivirkninger i form af treekninger i nakken, indre uro og stivhed af
fingre. ......... pt. har faet svar pa sit ekg, som viser sinus rytme med enkelte
ventrikulare ekstrasystoler uforandret fra tidl. .......... med baggrund i oplysninger om
tidligere maniske episoder praeget af irritabilitet, hyperaktivitet og aget seksuel
interesse revurderes diagnosen til bipolar affektiv sindslidelse. folges i distrikt vest
med psykologsamtaler. .......... har i dag tydeligvis brug for en faglig forklaring pa
hendes symptomer. det drejer sig om paranoia , uvirkelighedsfelelser , influenssympt.
og koncentrationsbesver. det storste problem er dog samveret med andre. ........... det
er specielt om natten det pavirker hendes astma. klg. desuden over uro i

benene. ........... L,XXX navner pa et tidspunkt, hun er bange for, tidligere tiders
spiseforstyrrelser er ved at dukke op igen. ........... xxx har haft sevnbesvar og har af

vagtleegen i aftes faet tabl. imovane 7,5 mg med god effekt. ........ kl 19,pinex,

+ahletter SO0 mo indtacet docier 1 oram for hovednine nt er henviet til at

Dim |
Patient Space

Dim 2
Dim N

Cosine of angle between SnomedCT pairs
00 035 05 075 100

Distant === == === » Similar
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BigTempHealth

Komplet journal-dump fra
to Daniske regioner (> 3.1M patienter)

Region Hovedstaden

2.14M patienter, 15.3M kontakter
2008-2017

1.35 milliarder journal saetninger

37.4M Diagnoser, 6.30M Operationer,
80.2M Undersggelser, behandlinger,
procedurer

125M laegemiddelordinationer

Laboratoriesvar fra 5.3M patienter

Region Sjzelland

899K patienter, 6.42M kontakter
2008-2017

514B milliarder journal seetninger

17.2M Diagnoser, 2.64M Operationer,
28.3M Undersggelser, behandlinger,
procedurer

65M laegemiddelordinationer

Laboratoriesvar fra 2.2M patienter
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Hvilke sygdomskorrelationer og symtomer er
behandlingsrelaterede?

Polyfarmaci




Text mining af laeagemidler,
Aiannncer

Remaved ADR - no corresponding structured data

Behandiet med 3.4 24659 og |0 mg fra 24.t 29.659 med nogen effsdt. p [EEEEEERE men seponerst pg
appetitegning. Haraftar 2 mg stigende til 4 mg i perioden 29.6. il 122.7.99 men seponerst pd gnund af uro | kroppen og “ostek-

". Herefter 2 mg fra 2.8. stigande il 3 m god effeld pd tankealdo og tankermdder. Behanclet med
5 fra maj 98 til maj 99 mad noget virdning pd of natlig svedtendens. Siden
H.?.?B“?Engnudmgnnaﬁdﬁpﬂanﬁlatngww&m
mia IendeeITekt.-nrdmed

sa venligst under r. Dez.den forsagt beh mead
nogan affekt tllagt {1999). Eftarfalgands Aldual madicindois, i ud-
skrivningsnotat fra L)1 2 samrt EFjmadiciniste.

ol [ 100-+0:+0+200 mgtbl [N 0.5 -0+ 1+ 0 e, SR 0-+0-+0-- 025 gt [N 7
mg nocte;thl 2 mg pn max x | dgl thl. a 2,5 mg efter skama,th. Igp.n. -7 mg frl |5 dr pn. mibe
150 mg fml |5 mi p.n. max x 3 cigl. Figansaft 20+042040 miP. ar aktualtCAVE ricykliska antidepressiva. Datte kan dog ikka bekraftes

ticll Bt som han har-tk godt, hvorfor der & anegt om ophavelser of denne cave pd hajers niveau. Har tid|, flat
sam By san, grundet vagtagning, trethed og rmanglends effelt

sap gruncet vagtegning, trasthed
beh seponerst i 999, Startede istedet

Remaoved ADR, - negation and subject kdentification

-|ag mener fortsat, at han har brug for medicn, da han | ghr fcvar vred og falte S uiryg of angst og har haft svaert ved af sove.

Doette synas pt. at tibyder hareftar i stadet for p afvisar dette, da han ved denne

madizin og har st datta vl han ikka, Har ik fidligars fist artipstotick madicn, Acceptarer harefter startancs

p an Hle dosis. ogsd angstdmrnpands madicin i dagtican. Angheer, at ndr han blivar wad kan han et Synes dat hjalp
Virker fortsat garderet. Siger intet ucpfordret. Sparsort sypdomsinckizt. - [l Eri chag [l heller bxtert

Wsﬂ.ﬁ




Text mining’s workflow
(7,500 leegemidler og 21,000 mulige bivirkninger)

Identification of indications Identification of known ADRs

Known ADR

spc|— @

Drug indication

SPC|— W

Manual
Corpus
Curation

ﬁ.

Creation of negative modifiers

Negative modifier

Identification of existing symptoms Identification of possible Adverse Drug Reactions

Start of drug End of drug
treatment 3 . treatment
Symptom (day 0) Possible Adverse Drug Reaction (day x)
) : -|- .) :
v /[\
x . . . . ADR identification
- - - . - . - . . . end
Preexisting term Drug indication  Preexisting term Negative modifier True ADR (day x)
Existing symptom Existing symptom ADR identification { \
identification start identification end start
(day -15) (day-1) (day 1) . .
Known ADR  New ADR

Eriksson et al. Drug Safety 2014



Sammenhaengen mellem bivirkninger, dosis og
laegemiddelkombinationer fra big data

'DD 1 | T T
2 3
Dose

Nature 520, 609-611
(30 April 2015)

IMPRECISION MEDICINE
For every person they do help (blue), the ten highest-grossing drugs in the
fail
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DENMARK IS THE LEADING COUNTRY IN EHEALTH ADOPTION

Top 10 EU countries by eHealth adoptions of patients and doctors

Denmark :E 0.87
Finland s 0.84
=
Spain & 0.72
Netherlands _ 0.72
Sweden :2 0.68
Estonia i 0.55
Croatia 0.40
Portugal ﬁ 0.39
Germany — 0.37
research2guidance
France l i 0.37 fhe app market speciailsts

eHealth adoption — doctors transferring prescription electronically, doctors electronically exchanging medical patient data with other
healthcare professionals , patients making appointment via website, patients seeking online information about health

-_'|:- research2guidance 2015



360 million diapers are changed every day
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GenomeMedicine s st e
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A big data

 Sundshedsdata:

« Redefinere feenotyper som trajektorier
« Omklassificere under og overdiagnisticerede patienter
« Bedre grundlag for at forudsige sygdomme?

» Personlig medicin og genomdata

» "Live data” versus registerdata

« Patientgenererede data

* Inkludere hvad der ikke stari &
patientjournalen pa nye mader: &l
* Fgdevareprofiler

e Indkomst, ... QF
« Uddannelse, ... owg:\%&gs@

* Wearable data Qo o @
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COMPUTEROME

THE DANISH NATIONAL SUPERCOMPUTER FOR LIFE SCIENCE

Al e
\

Computing Power: Uk @ © b
16,000+ cores § oo
W

525 x Thin nodes

28 core Intel CPUs with
128 GB DDR4

GPU Node ‘\ NG [
~ Nvidia K40 . -4 R f]

29 x FAT nodes I e

32 core Intel CPUs with

1TB DDR3 RAM

Storage: 8PB+

8 PB extremely high

performance storage

+50GB/s aggregated .
bandwidth
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Journal og registerdata analyse
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