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Disease

— journey
versus
destination

Cancer
Diabetes
Obesity
Mental disorders



Beyond single disease analysis
(a la GWAS)

Disease-disease correlations
Disease-trajectories

What is potentially solely genetic and
what is possibly treatment related?



From molecules to phenotypes
from phenotypes to molecules
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Precision medicine

Evolution of Medicine from Art to Scientifically Based

High Efficacy

Era of
Precision Medicine
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360 million diapers are changed every day

Until Smart Diapers
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Complexity of temporal health data
- we all move towards becoming
ICU patients

2

General practitioner Outpatients Inpatients Intensive care




Personal identification number
enables temporal analysis

From Wikipedia, the free encyclopedia
The Danish Personal Identification number is a national identification number, which
is part of the personal information stored in the Civil Registration System.

Was established in 1968.

It is a ten-digit number with the format DDMMYY-SSSS, where DDMMYY is the date
of birth and SSSS is a sequence number. The first digit of the sequence number
encodes the century of birth (so that centenarians are distinguished from infants),
and the last digit of the sequence number is odd for males and even for females.

Any person registered as of 2 April 1968 or later in a Danish civil register, receives a
personal identification number.

The civil register list only persons who:

* Are born in Denmark of a mother already registered in the civil register, or

* Have their birth or baptism registered in a ‘Dansk Elektronisk Kirkebog (DNK)’ (Danish electronic church-book), or
» Reside legally in Denmark for 3 months or more (non-Nordic citizens must also have a residence permit)

Danish citizens, including newborn babies, who are entitled to Danish citizenship, but are living abroad, do not receive a
personal ID number, unless they move to Denmark.



What is a precise phenotype?

Home » Harvard Health Blog » Overweight and healthy: the concept of metabolically healthy obesity

Overweight and healthy: the concept of
metabolically healthy obesity

POSTED SEPTEMBER 24, 2013, 4:31 PM
Patrick J. Skerrett, Executive Editor, Harvard Health

Carrying too many pounds is a solid signal of
current or future health problems. But not for
everyone. Some people who are overweight or
obese mange to escape the usual hazards, at
least temporarily. This weight subgroup has
even eamed its own moniker—metabolically
healthy obesity.

Health professionals define overweight as a
body-mass index (BMI) between 25.0 and
299, and obesity as a BMI of 30 or higher. (EMI is a measure of weight that takes hE|ght
into consideration. You can calculate your BMI here.)

Most people who are overweight or obese show potentially unhealthy changes in
metabolism. These include high blood pressure or high cholesterol, which damage



Wordfrequencies in Danish patient

records
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Wordfrequencies in Danish patient
records from 2 x ~6,000 T1D and
T2D patients (Steno Diabetes Center)
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Controlled vocabulary: ICD-10

ICD10 - International Classification of Disease

Chapter Blocks
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AO0D-B99
c00-D48
D50-DE9

EQOQ-E9O
FOO-F99
=00-599
HOO-H59
H&0-H95
I00-199
100-199
KOO-K93
LOO-199

MOD-M99

MO0-MN99
000-099
PO0-PO9G
00-099
RO0-R99

500-T98
V01-%98
Z00-799
Lao-u99

Title
Certain infectious and parasitic diseases
Meoplasms

Diseases of the blood and blood-forming organs and certain disorders
involving the immune mechanism

Endocrine, nutritional and metabolic diseases

Mental and behavioural disorders

Diseases of the nervous system

Diseases of the eye and adnexa

Diseases of the ear and mastoid process

Diseases of the circulatory system

Diseases of the respiratory system

Diseases of the digestive system

Diseases of the skin and subcutaneous tissue

Diseases of the musculoskeletal system and connective tissue
Diseases of the genitourinary system

Pregnancy, childbirth and the puerperium

Certain conditions originating in the perinatal period
Congenital malformations, deformations and chromosomal abnormalities

Symptoms, signs and abnormal clinical and laboratory findings, not
elsewhere classified

Injury, poisoning and certain other consequences of external causes
External causes of morbidity and mortality

Factors influencing health status and contact with health services
Codes for special purposes



Mine ICD10 dictionary terms from the
medical record

det drejer sig om en 36-arig sygemeldt mand der overflyttes fra frederiksberg
hospital, afdeling m.h.p. lengerevarende rehabiliteringsophold. ,. er allergisk overfor
kat og parfume, men taler penicillin. ......... er 1 besiddelse af en vis indsigt og virker
svart forpint. ang. det at vi tilrider, at hun har brug for at vaere 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 tanketreghed og er bange for at det er et led 1
sygdommen. der siges til hende at det godt kan vere bivirkning af risperdal men at
der ikke laves om pé medicinen, for vi har leert hende bedre at kende. ......... Har

haft [iIIIGINAHONET pa nogen af sanserne ........... har vaeret til legesamtale idag. der
snakkes en del om diagnose og at pernille har svaert ved at forholde sig til at have
men 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 skizoftreni. .......... i denne beskriver hun at "hendes sterste

problem nok er den manglende sociale evne, som er en folge af sygdommen
(paranoid skizofreni) og henviser til contras beskrivelse" ......... Pt. Nzevner sin iR,

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 praget 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. ........... , 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 doacier 1 oram for hovednine nt er henviet til at

\.\ Negation

som han mener har en nerves lidelse, muligvis SOCIMNIODI .......... pt. har her til aften
angivet tiltagende bivirkninger i form af treekninger i nakken, indre uro og stivhed af .
Family




Compare patients by ICD10 terms mined
and assigned in terminology space

Patient 1

Patient2 —»

PID

248153007

88311004

A

Roque et al. PLoS Comp. Biol. 2011,
Jensen et al., Nature Rev. Genet. 2012

A Patient Space

D 2

Cosine of angle between SnomedCT pairs
00 025 05 075 100

Distant === == = == * Similar



Negation check
Terms with preceding negations
discarded

2

Hits

2

Patient profile

EPR ICD10
| I |
Generation of
Sentence parsing spelling and ending
variants
Candidates Expanded dictionary
Lookup
Allowing for token shuffling and Record sample
insertion of one gap
... patienten fremstar generelt
o ressourcefattig og preget af
‘ sin skizofrenl, han har _..
MﬂtChES ... patienten pibegynder

seralin-behandling mod
deprassivt farvet tilstand,

efter at ...

Record sample

... patienten har ikke vist tegn
pé skizofrend ...

... patienten fortzeller at hans
mor wvar skizofren ...

*

DF20  Skizofreni

DF200 Paranoid skizofreni

DF201 Hebefren skizofreni

DF202 Kataton skizofreni

DF203 Udifferentieret
skizofreni

DF20
DF20
DF20
DF20

Skizofreni
Skizofrenien
Skitzofreni
Skisofreni

Dictionary

F19% Psykisk lidelse uden specifikation
F20  Skizofreni
F200 Paranold skizofren

Fi2 Depressiv enkelteplsode
Fi2%9a Depressiv tistand
F33  Periodisk depression



Mined and assigned ICD10 codes

Assigned Codes

Mined Codes
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Patient similarity metrics

. Patient phenotype similarities:

» Patient similarity measures beyond “words” (using knowledge
from ontologies to quantify the similarity of clinical features,
biochemical data etc. )

 Semantic harmonization and phenotype harmonization,
benchmarking and semantic interoperability e.g. across language
barriers for meta-analysis
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() Adverse effects, Schizophrenia

@ Schizophrenia,

@® Schizotypal disorder

() Lifemanagement difficulties

® Asthma

i Delusional disorders
Observation, Schizophrenia

® Dorsalgia, various symptoms

@ Heartburn, various symptoms
s Headache, various symptoms
® Schizoaffective disorders

® Emotional state

@ Pain, various symptoms

® Stress reaction - adjustment dis.
@ Liver disorders

@ Spec. personality disorders

(=) Epilepsy
@ Bipolar disorders

@ Disorders due to cocaine/opiods
® Migraine

@ Anxiety disorders

@ Eating disorders

(w) Recur.depressive disorders

® Phobic anxiety disorders

Clustering in medical terminolo
patient space

Roque et al.

PLoS Comp. Biol. 2011
Jensen et al.,

Nature Rev. Genetics 2012



Alcohol and depressive disorders, anxiety
disorders, and other personality disorders

E10: INSULIN-DEPENDENT DIABETES MELLITUS
FOB: OTHER PSYK. DISOR. DUE TO TO BRAIN DISIDAMAGE/DYSFUNCTION
FO7: PSYK. DISOR. DUE TO BRAIN DIS/DAMAGE/DYSFUNCTION
N i rsei 050R. DUE TO ALCOKOL
Fi1: PSYK, DISOR. DUE TG OPIODS
B F14:PSYK DISOR. DUETO COCAINE
[ F15: PSYK. DISOR. DUETO OTHER STIMULANTS
B B Fio: PSYK DISOR, DUETO MULTIPLE DRUG USE
F20: SCHIZOPHRENIA
RE F21: SCHIZOTYPAL DISOR.
F22: PERSISTENT DELUSIONAL DISOR,
F25: SCHIZOAFFECTIVE DISOR.
F31: BIPOLAR AFFECTIVE DISOR,
I 3 RECURRENT DEPRESSVE DISOR
N s PHORIC ANYETY DISORDERS
N F43: STRESS REACTION 8 ADJUSTMENT DISOR.
F50: EATING DISORDERS
BN 5 5Pece PERSONALITY DISOR
G40: EPILEPSY
B 643 MIGRAINE

B 110 HYPERTENSION 0.00
JU5: ASTHMA 0.00-0.01
K77: LIVER DISOR. gg; 8?3
L30: OTHER DERMATITIS e
L40: PSORIASIS Nie
Z04: EXAMINATION AND DBSERVATION
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111 HYPERTENSIVE HEART DISEASE

M10 GOUT

M14 ARTHROPATHIES IN OTHER DISEASES CLASSIFIED ELSEWHERE
62 OTHER POLYNEUROPATHIES
R27 OTHER LACK OF COORDINATION
93 OTHER DISORDERS OF BRAIN
E51 THIAMINE DEFICIENCY

H55 NYSTAGMUS AND OTHER IRREGULAR EYE MOVE!
T80 SEQUELAE OF INJURIES OF HEAD
E78 DISORDERS OF LIPOPROTEIN METABOLISM AND OTHER LIPIDAEMIAS

125 CHRONIC ISCHAEMIC HEART DISEASE

G91 HYDROCEPHALUS

161 INTRACEREBRAL HAEMORRHAGE

R41 OTHER SYMPTOMS AND SIGNS INVOLVING COGNITIVE FUNCTIONS AND AWARENESS

FO4 ORGANIC AMNESIC SYNDROME, NOT INDUCED BY ALGOHOL AND OTHER PSYGHOACTIVE SUBSTANCES
F18 MENTAL AND BEHAVIOURAL DISORDERS DUE TO USE OF VOLATILE SOLVENTS

F62 ENDURING PERSONALITY CHANGES, NOT ATTRIBUTABLE TO BRAIN DAMAGE AND DISEASE

FO8 OTHER MENTAL DISORDERS DUE TO BRAIN DAMAGE AND DYSFUNGTION AND TO PHYSICAL DISEASE
FO7 PERSONALITY AND BEHAVIOURAL DISORDERS DUE TO BRAIN DISEASE, DAMAGE AND DYSFUNGTION
FO1 VASCULAR DEMENTIA

164 STROKE, NOT SPEGIFIED AS HAEMORRHAGE OR INFARGTION

169 SEQUELAE OF CEREBROVASCULAR DISEASE

F50 EATING DISORDERS

Na1 ABSENT, SCANTY AND RARE MENSTRUATION

144 ATRIOVENTRICULAR AND LEFT BUNDLE-BRANCH BLOCK

145 OTHER CONDUGTION DISORDERS

148 ATRIAL FIBRILLATION AND FLUTTER

149 OTHER CARDIAG ARRHYTHMIAS

R32 UNSPECIFIED URINARY INCONTINENCE

E87 OTHER DISORDERS OF FLUID, ELEGTROLYTE AND AGID-BASE BALANGE

ROO ABNORMALITIES OF HEART BEAT

L21 SEBORRHOEIC DERMATITIS

L40 PSORIASIS

L20 ATOPIC DERMATITIS

L30 OTHER DERMATITIS

T14 INJURY OF UNSPECIFIED BODY REGION

T63 TOXIC EFFECT OF CONTACT WITH VENOMOUS ANIMALS

M6 OTHER RHEUMATOID ARTHRITIS.

M11 OTHER GRYSTAL ARTHROPATHIES

M17 GONARTHROSIS [ARTHROSIS OF KNEE]

M19 OTHER ARTHROSIS

E11 NON-INSULIN-DEPENDENT DIABETES MELLITUS

R73 ELEVATED BLOOD GLUGCOSE LEVEL

E14 UNSPECIFIED DIABETES MELLITUS

E10 INSULIN-DEPENDENT DIABETES MELLITUS

E16 OTHER DISORDERS OF PANCREATIC INTERNAL SECRETION

E86 VOLUME DEPLETION

H10 CONJUNCTIVITIS

H26 OTHER CATARACT

H40 GLAUCOMA

R30 PAIN ASSOCIATED WITH MICTURITION

N30 CYSTITIS

R31 UNSPECIFIED HAEMATURIA

A41 OTHER SEPTICAEMIA

B37 CANDIDIASIS

R38 OTHER SYMPTOMS AND SIGNS INVOLVING THE URINARY SYSTEM

L83 DECUBITUS ULCER

R33 RETENTION OF URINE

185 HYPOTENSION

RB1 HYPERHIDROSIS

D50 IRON DEFICIENCY ANAEMIA

E61 DEFICIENCY OF OTHER NUTRIENT ELEMENTS

F88 OTHER BEHAVIOURAL AND EMOTIONAL DISORDERS WITH ONSET USUALLY OCCURRING IN CHILDHOOD AND ADOLESC
R11 NAUSEA AND VOMITING

B23 HUMAN IMMUNODEFICIENCY VIRUS [HIV] DISEASE RESULTING IN OTHER CONDITIONS

B24 UNSPECIFIED HUMAN IMMUNODEFICIENCY VIRUS [HIV] DISEASE

F11 MENTAL AND BEHAVIOURAL DISORDERS DUE TO USE OF OPIOIDS

F14 MENTAL AND BEHAVIOURAL DISORDERS DUE TO USE OF COCAINE

F15 MENTAL AND BEHAVIOURAL DISORDERS DUE TO USE OF OTHER STIMULANTS, INCLUDING CAFFEINE
K73 CHRONIC HEPATITIS, NOT ELSEWHERE CLASSIFIED

K76 OTHER DISEASES OF LIVER

R17 UNSPECIFIED JAUNDICE

F19 MENTAL AND BEHAVIOURAL DISORDERS DUE TO MULTIPLE DRUG USE AND USE OF OTHER PSYCHOACTIVE SUBSTANC
B15 ACUTE HEPATITIS A

B17 OTHER ACUTE VIRAL HEPATITIS

B18 CHRONIC VIRAL HEPATITIS

K77 LIVER DISORDERS IN DISEASES CLASSIFIED ELSEWHERE

J40 BRONCHITIS, NOT SPECIFIED AS ACUTE OR CHRONIC

J42 UNSPECIFIED CHRONIC BRONCHITIS

J45 ASTHMA

J44 OTHER CHRONIC OBSTRUCTIVE PULMONARY DISEASE

J18 PNEUMONIA, ORGANISM UNSPECIFIED

J98 OTHER RESPIRATORY DISORDERS

R09 OTHER SYMPTOMS AND SIGNS INVOLVING THE CIRCULATORY AND RESFIRATORY SYSTEMS

R35 POLYURIA

T73 EFFECTS OF OTHER DEFRIVATION

G24 DYSTONIA

R25 ABNORMAL INVOLUNTARY MOVEMENTS

146 CARDIAC ARREST

R02 GANGRENE, NOT ELSEWHERE CLASSIFIED

150 HEART FAILURE

R18 ASCITES.

RB0 OEDEMA, NOT ELSEWHERE CLASSIFIED

A46 ERYSIPELAS

B95 STREPTOCOCCUS AND STAPHYLOCOCCUS AS THE CAUSE OF DISEASES CLASSIFIED TO OTHER CHAPTERS
K59 OTHER FUNCTIONAL INTESTINAL DISORDERS

R10 ABDOMINAL AND PELVIC PAIN

RS0 FEVER OF OTHER AND UNKNOWN ORIGIN

49 BACTERIAL INFECTION OF UNSPECIFIED SITE

B34 VIRAL INFECTION OF UNSPECIFIED SITE

NTS

-3 -1 0 1

Roque et al. PLoS Comp. Biol. 2011,
Jensen et al., Nature Rev. Genet. 2012



ies among

ficant comorbidit
complex and Mendelian disorders
(110M patients, registry data)
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Mendelian Diseases
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. The Clinical Record Data Sets Utilized in This Study

Table 1

Encoding Mumber of

Type

Unique Patients

Data Set  Description

cu

1,505,822

ICD9

Columbia University, 1985—

2003

ICD10 6214312

Denmark; database covering
most of the country's

population

DK

767,978

MNew York Presbyterian ICD9

Hospital and Columbia

NYPH

University; 2004-present

Stanford University

806,369
1,599,528

ICD9
ICD9

sU
T

University of Texas at

Houston

ICD9

146,389
99,143,849

University of Chicago

ICD9
ICD9

usa
MED

MarketScan insurance
claims data set

13,039,018
123,203,865

This table provides a brief description, the ICD encoding type, and the
size of each data set. The MED data set was used for comparison and

was not included in the full meta-analysis.

Medicare database

Total:
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L |

and Infarctior

Cerebral Infarction

bali

Pulmonary

Cardiovascular I

Obsessive Compulsive Disorder

Autis

Intellectual Disability

General Frontotemporal Dementia

Phobia

Neurological ‘

Gastric Cancer
9
¥

)

Colorectal Cancer

Malignant Brain Neoplasm

rostate

Hyperplasia of the P

Prostate Cancer

Breast Cancer

Melanoma

Cushing Syndrome

¢

Lymphosarcoma/Reticulorsarcoma|
Bladder Cancer

BenEn Brain Neoplasm
urkitts L;
Uterine

Hormonal I

saseas|q x3ajdwo)

Cellular
Proliferation

Il
yst
Acne

Skin
Acquired Hypothyroidism

Addison Disease
Diabetes Mellitus Type |

Diabetes Insipidus

Diabetes Mellitus Ty,

Absolute Log, Relative Risk

Blair et al., Cell 2013




Similarities of complex diseases
computed from comorbidity
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Which disease-disease and
symptom correlations are
treatment related?




Spontaneous reports

Heavily trusted
Underreporting and biases
Data quality issues

'Note: I f Reporter, Patient and Institution will remain Confidential)

| Report of Suspected Adverse Drug Reaction
including Birth Defects 224257

Patient (/ d. _only 5qe - Sex {-Legnﬁti :
05 DEC 200855 | | M 10g
{ &z,

Adverse Reaction Description: QLESC- Date of Onset of Reaction: <
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Treatment
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Summaries of
Product Characteristics (SPCs)

Every medicine pack
includes a patient
information leaflet (PIL).

PILs are based on the
Summaries of Product
Characteristics (SPCs)
which describe a medicinal
product’s properties and the
conditions attached to its
use.

Controlled ADR/ADE vocabulary from SPCs



ADR dictionary characteristics

o Descriptions extracted from 7,446 drug SPCs.
Including drugs approved by both European
Medicines Agency and Danish Medicines Agency.

o 21,342 uniquely spelled ADRs was used to
construct the dictionary.

o Current version can match about 8,000 different
ADRs.

o Final dictionary can match > 4 .10'? ways to
describe ADRs before applying fuzzy matching.



Adverse effect concept linkage

Event Location

N

Fa
o
=
!
S

Structure Cell
/
N

Glomerulus Podocyte

Ren
Independent term J/ Abbreviation
Diagnosis ( Renal failure
Uremia RF
o — Adverse effect<
raemia Rf
e T — %)
Laboratory medicine event Laboratory medicine value
mewed D[ femw | < ?
- G
Plasma-Cr

e.g.
elevated creatinine,
creatinine elevation
elevation in plasma-Cr
are recorded identically



Text mining of drug names,
diagnoses, ...

Removed ADR - no corresponding structured data

Behandlet med 3 mg fra 3.t 24699 ag 10 mg fra 241l 29659 med nogen effekt pa_ mien seponeret pga
appetitagrng. Herefter 2 g stigende til 4 mg i perioden 296100 TL59% men seponeret pd grund af ure | kroppen og "ostek-

Iobkkeformemmelse”. Herefter 2 myg fra LB stigende til 3 mg fra 30.8.99 med god effeld pd tankeeklo of tarkemiylder Behandlet med
- 50 g fra ma) 98 til maj % med noget vickning pa h mien seponeret od grund af nathg svedtendens. Siden

4759 75 g med nogen effelt pa antallet og svaerbedsgraden af kortvarige
se wenligst under allergien Desuden forsagt beb med Lsep grundet vaegtegning. traethed of manglende effekt - ord rmed
nogen effekt tillagt _( 999). Efterfelgends beh seponereti 1959, Startede istedet | Aktuel medicindeis, jof ud-

skrivnirgsnotat fra U2 samt EPmedicinliste.

1. [ 100+0+0+200 mg toL [T 05 +0+ 1+ 0 mgiol. ISR 0+0+0+30 "ni‘.tbl. 0+0+0+25 mg thl. [ 7.5

mig necte thl, 2 mg pon. mas x| dgl thl, a 15 mg efter skemathl, | & pun. A5 mgfml 15 de panmis .
50 mg /mil 153 mil punormas » 3 dgl. Figensaft 20+0+20+0 mlPL er alduelbCAVE tricykliske antidepressiva, Dette kan dog ikke bebraeftes
of ot har tidl. fiet _ som han har Ak gadt, verfor der er ansegt om ophasvelier af denne cave pd hejere niveau. Har tidl, fist
som blev sep, grundet vagtagning, trathed of manglends effekt

Removed ADR - negation and subject identification

Jeg mener fortsat. at han har brug for medicing da han i gde B ovar meget vred og falte sig utryg of angst of har haft svaert ved at sove,
Diette synes pt.at a-.-:-::c:ite-c:-. ei tilbywder herefter i | stedet for  pt. afviser dette. da han ved har faet denne
medicin og har fet dette vl han ke, Har ikke tidligere et artipsylatisk medicin Accepterer herefter startende
pd en lille dosis. Accepterer oged angstdampende medicin i dagtiden. Angiver. at ndr han bliver vwed kan han godt styre det. Synes det hjalp
Iii m:-iet at fa ﬁ‘.-‘ir--;:- fortsat garderet. Siger intet uapfordret. Sparsornt sygdomsindsigt. Er hEr' i dag [ heller latert




Text mining Adverse Drug Reactions
(using 7,500 drug names and 21,000 ADRs)

Identification of indications

Drug indication

SPC|— W

Identification of known ADRs
Known ADR

spc|— @

Creation of negative modifiers
Negative modifier

Manual )
Corpus .

Curation

Identification of existing symptoms

Start of drug
treatment

Symptom (day 0)

Identification of possible Adverse Drug Reactions

Possible Adverse Drug Reaction

\2
) +>

I
I
v
Preexisting term

Existing symptom
identification end start
(day -1) (day 1)

Existing symptom
identification start
(day -15)

Eriksson et al. Drug Safety 2014

Drug indication

End of drug
treatment
(day x)

N

— /3N

Preexisting term

ADR identification

Negative modifier

. . ADR identification
end

True ADR (day x)

'\
© =

Known ADR  New ADR



Frequency of Adverse Drug Reactions

from text mining
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ADR frequency reported by manufacturer

Comparison between the 150 most
statistically significant extracted ADR
frequencies and the stated frequencies in the
SPC by the manufacturer. Dots are showing
the individual extracted frequencies.

Out of the 150 are 6 left out, according to
the SPC these are having a frequency <
1/1000 and the corpus is not large enough to
detect these with a satisfying frequency.

Recall of 75,1% and a precision of 95,0%.
(manual curation of 200 records)

Eriksson et al. Drug Safety 2014



ADR-dose dependencies
Dosages from structured medication data

S edation from antips ychotics
= = sample average

Sedation is the 2.07 .
. chlorprothixene
most occurring > I
. olanzapine
ADR in the o 15 i
c clozapine
corpus e --- o
o — e mm== quetiapine
?_j I EI-___..-—"" rispendone
5 ectod E_ levomepromazine
;L(;gs Ste ecte t.are E 0.5 zucloperthixol
antipsycotics < haloperidol
(a class known to piprazol
dation) 0.0 : : i : aripiprazole
cause seda 0 2 3 4 — ziprasidone
Dose

ADRs and doses are normalized on multiples of the minimum dose prescribed of each drug.

Plot for 21 days steady dosage data is visualized, sample average slope 0.1105 (95% Cl, 0.03085-0.1901), non-zero slope
p-value was 0,0074, all individual drug slopes are positive except for haloperidol.

Eriksson et al. Drug Safety 2014



Possible ADRs?

Drug substance __|ADE___________|pvalue

Dipyridamole Visual impairment 4.375e-04
Simvastatin Personality changes 8.408e-08
Citalopram Psychosis 8.807e-04
Bendroflumethiazide Apoplexy 8.46e-03
Chlordiazepoxide Nystagmus 4.03e-08
X1 Y1 p1

X2 Y2 p2

p-values are multiple testing corrected



Drug-ADR similarities
(ADRs text mined by temporal analysis of EHRS)

NO| Anesthetics
NO2 Analgesics
NO3 Antiepileptics
NO4 Anti-parkinson drugs
N NO5 Psycholeptics
NO06 Psychoanaleptics
NO7 Other nervous system drugs

All other ATC codes

13 years of drug use at
Mental centre Sct. Hans ATC
code coloring. Edges show
Drug ADR profile similarity,
darker edge indicates
stronger similarity. Network
contains 500 strongest edges
(Jaccard index). “NO3
Antiepileptics” are scattered,
not showing any clustering.
This is expected as
antiepileptics is a very diverse
drug classein terms of ADRs.
Laxatives and antibacterials
for systemic use group since
both cause diarrhea and
stomach ache and other
gastrointestinal problems

J01FAGY
RO3BAO2
A(DAEDS
ROAKD7 GO3CAD3 N4AR02
_ DOTABO2
DOSBEO02 -
NO7BAO| . NO4AADH JRERQL
CO9AA2 « NG I
COIDAD? o, DO7ACH3
DO7ACT
CO9AAI0
NOBAFD| Blgar>
ROBAEDT
NOBAXI8
NO2AED - g NOGAXI6 cozHeD!
NOSAAID  NOGABOS L04AX03
A" NS¢ NOBAADY \ | ]
N5CFO2 N Al B0IAC30
NOgBAQ4 NISARO3 Y Apﬁtldepressants PO3ACO4
= / ;
NOSBAGL Y/ /
Anti hoti NOSAADD - INDSCDO2 NGSCFD | NOEA‘BIO 024802
801ABI0 ntipsychotics NOSAHOT ndsBADs
NOSAED4 NOBAXI | NS NOABO4 NO2BE0I GO4CAO2
AloeB12 B NO3AED! =
NOSALOS  NOSAFDS T NOBAX 2 NO5BAO4 = R 04}
AR ) Benzodiazepines and NO7BCs | MMM ey ROSAXIS
AD0| TNOSAFD| NOSAHO3 . . NO2AXOD N L
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L/ SR
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Comorbidity trajectories in individual
patients

Oo—8—
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O—e
*—e
e e
o O— 8@
1998 2014>

Typical development
E.g. type 2 diabetes > problems with foot > amputation

Debut of a given ICD10 code, green debut of other diseases
Danish Discharge Registry, 6.2 million patients



Danish Patient Registry

Following up in registry data

Patient admission to hospital

v
15 years of ICD10 hospitalization S“”“”mmsa””é””“a”‘””'”gs
hiStory for 6.2 million Danes Critical diagnoses written in patient
68 million records (in/out of ward) Journ
* 45 million admissions (in/out of hospital) -V y
e 119 million diagnosis-record-associations Piagnosis veried/tecined
* 18 million surgical procedures 4
e 131 million treatments & examinations Procedures (operations andtreaiments)

A\

Dischargi hysici | disch

Non-hypothesis driven © sfrrfrﬁfrﬁ ir??llu-ld?r?gn?(a:é? ocones

comorbidity analysis of registry data from patientjourna
Forscbe  Myhedscentor  Udgeoker o og kamners O styrebsen Eo_ | [l v
Entered in the hospital's registry by a
medical secratary ICD-10 codes sentto
Mational Dishcarge registry

e
Sundhedsstyrelsen
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National Patient Registry (6.2M Danes)
ICD10 diagnoses as a function of age

200000

In 100000

ICD 10 chapter coloring

2: Neoplasms

4: Endocrine, nutritional and metabolic diseases

200000

6: Diseases of the nervous system

Out 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

13: Diseases of the musculoskeletal system and
connective tissue

=

: Certain conditions originating in the perinatal perio
Congenital malformations, deformations and
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

~

100000

41 61

Females Males



Disease trajectories and trajectory-
cluster for prostate cancer

B v @ o @ -
B @ s 2 4D

@13959* 635 + 19

Other diseases
of spinal cord

Edge width comesponds o 1,000 10,000 100,000
number of patients from full >

population with D1 — D2 . ” l AB Jensen et aI.,
Nature Comm., 2014




Diabetes trajectory network

_— ’
5 Mondiabetic hypoglycaemic coma D?her d'sn;::s
- urinary system
Other disorders of pancreatic
internal secretion !

Decubitus ulcer

s, -~ ‘ 0d
L . ] - and subcutanecus fissue
Insulin-dependant Other lecal infections of skin — o
diabetes melitus P and subcutaneous tissus _..-——-_‘-'" Log Peritonitis

—
%

Mon-insulin-dependent
diabetes mellitus

o

Asthma

SN

Retinal disorders

" O Ulcer of lower limb
AN

NN N0

Disorders of vitreous body 45 kidney and ureter Unspecified
f—-—"’ renal failure
H43 Disorders of vitreous
body and globe Y
-— »
. Bacterial infection of
L Atherosclerosis unspecified site

Chironic renal failure

o -
MN25
-
Monrheumatic aortic Disorders resulting

from impaired renal
tubular function

valve disorders



COPD trajectory cluster

with five preceding diagnoses leading
to COPD and some of the possible outcomes

U ified acute |
F03| Unspecified dementia =~ P 1ec anuUie fower

respiratory i nfection
=
Osteoporosis without = a
pathological fractu e Oither disorders of fluid, electrolyie

Diarrhoea and gastroenteritis of
Mental and behavioural disorders presumed infectious onigin

due to use of alcohal
Alcoholic liver disease

Dsteoporosis with ‘

pathological fracture Volume deplefion



Cardiovascular trajectory

network

Other rheumatoid arthritis

-—

) Acute myocardial
infarction
-

"/
Other systemic @/"
—

involvement of
connective tissue

Atrial fibrillation
Angina £33

Iron deficiency anaemia

0s0)
Other Myelodysplastic
anaemias  syndromes
D64

Cardiac arrest

-__@ and flutter

pectoris 4

Heart failure
- -
Gastritis and \
duodenitis -»
-»
1\ &
"’ Other
Complications of heart ~ Noninfective
disease gastroenteri-
tis and colitis

- Other disorders of
< fluid, electrolyte and
acid-base balance

_—

Volume depletion

AB Jensen et al.,
Nature Comm., 2014



Disease trajectory: towards an
ontology

Reduced 6.2 million trajectories to
——> 1,171 trajectories of 4 steps

Cover 140 diagnoses and >0.5 million unique
patients

Clustering identified S major disease comorbidity
clusters which incorporate ~600 of the trajectories
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De-identification

In the Nordic countries and in some other
countries we can minimize the effort on
rediscovering what we already know



http://www.na-mic.org/Wiki/index.php/File:Defacing_figure.jpg
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Clinical dedsion support
[CDS), Software systems
providing support for decision
making to physicians through
the application of health
knowledge and logical rules to
patient data.

Bicbanks

Central repositories of
biological matenal thatare
mainly used for research. They
facilitate the re-use of collected
samples in different research
nroects

@2 TRANSLATIONAL GENETICS

REVIEWS

and clinical care

KI\/Iining electronic health records:
towards better research applications

Information technology has transformed the way health
careis carried cut and documented. Presently, the practice
of health care generates, exchanges and stores huge
amounts of patient-specific information. In addition to the
traditional clinical narrative, databases in modern health
centres automatically capture structured data relating
to all aspects of care, including diagnosis, medication,
laboratory test results and radiological imaging data.
This transformation holds great promise for the
individual patient as richer information, coupled
with clinical decision support (CDS) systems, becomes
readily available at the bedside to support informed
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Peter B. Jensen', Lars J. Jensen' and Seren Brunak'-

Abstract | Clinical data describing the phenctypes and treatment of patients represents an
underused data source that has much greater research potential than is currently realized.
Mining of electronic health records (EHRs) has the potential for establishing new patient-
stratification principles and for revealing unknown disease correlations. Integrating EHR
data with genetic data will also give a finer understanding of genotype—phenotype
relationships. However, a broad range of ethical, legal and technical reasons currently
hinder the systematic deposition of these data in EHRs and their mining. Here, we consider
the potential for furthering medical research and clinical care using EHR data and the
challenges that must be overcome before this is areality.

especially interesting when traditional health-care-sector
data is linked with bickanks and genetic data®.

Despite the great potential, researchers who wish to
analyse large amounts of patient data are still faced with
technical challenges of integrating scattered, heterogene-
ous data, in addition to ethical and legal obstacles that
limit access to the data® It is hoped that large-scale
adoption of health information technology (HIT) infra-
structure in the form of electronic health records (EHRs)
and agreed standards for interoperability and schemes
for privacy and consent, will improve this situation
(TABLE 1). With incentives for improved public health
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