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From molecules to phenotypes ... 
 ... from phenotypes to molecules 
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Precision medicine 



 
 
 

Fine-grained phenotype 
components 

 
 

Beyond single disease analysis  
 

Disease-disease correlations 
 

Disease-trajectories 
 

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

 
 
 
 
 



Unstructured and structured data in 
electronic patient records, registries and 
questionaires  



Login for all Danish citizens (> 15 years) 
(Opt-out model) 

Same secure login as for Home-banking, Tax, Social Services, Public dropbox etc. ect.   



Personal identification number 
(Denmark) 
 From Wikipedia, the free encyclopedia 

The Danish Personal Identification number (Danish: CPR-nummer or personnummer) 
is a national identification number, which is part of the personal information stored 
in the Civil Registration System (Danish: Det Centrale Personregister). 
 
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. 

 





Wordfrequencies in Danish patient 
records 

Mental disorders 

Testis cancer 

Infertility 



Laboratory data from an entire 
diabetes clinic 12,000 patients 
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Lab data types 1:415 



What is a precise phenotype? 





F20 

F200 

Negation 

Family 

Mine ICD10 dictionary terms from the 
medical record 



Compare patients by ICD10 terms mined 
and assigned in terminology space 

Patient 1 

Patient 2 

Patient 3 

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



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



Significant comorbidities among 
complex and Mendelian disorders 
(110M patients, registry data)  

Blair et al., Cell 2013 



  
The shared gene is THRA, connected to ESR1 from migraine 
(yellow) and HR from Alopecia (blue). Seed genes are squares, 
red is the connection gene. The HR-THRA PPI has a score of 1 
in the scored interactome.   
 
 

Alopecia L65 and Migraine G43 
 



mand 
orkiektomi 
tobak 
biopsi 
ingentegn 
cyanose 
splenomegali 
lilletestikel 
smerter 
stimulationstest 
testosteron 
protein 
palpation 
injektion 
hormon 
volumen 
hormonbehandling 
ordination 
svedeture 
ingenabnormitetfundet 
ingenklager 
stor tumor 
anbefalingom 
pet-scanning 
kemoterapi 
cisplatin 
bleomycin 
dybvenetrombose 
venetrombose 
ryger 
bivirkninger 

fjernelse 
gemcitabin 
obstipation 
halsbrand 
krise 
vedligeholdelsesbehandling 
blod 
ifosfamid 
chrom 
begravelse 
mesna 
kvalmeogopkastning 
alkohol 
krampe 
magnesium 
methotrexat 
vinblastin 
carboplatin 
oxaliplatin 
hoste 
krepitation 
krampeanfald 
opkast 
interstitiellungesygdom 
lungesygdom 
pindolol 
etoposid 
d-dimer 
spredning 
ct afthorax 
ct-scanning af thorax og abdomen 
 
 
 
 

hovedpine 
gastrit 
pankreatit 
narkose 
incision 
diurese 
kalium 
drikker 
mobilisering 
lagvislukning 
lukning 
god prognose 
pethidin 
feber 
ekspektorat 
icterus 
hypogonadisme 
gift 
flebografi 
hjertebanken 
struma 
hepatosplenomegali 
information 
hepatomegali 
brystsmerter 
stabilisering 
muskelsmerter 
pneumoni 
ledsmerter 

male 
orchiectomy 
tobacco 
biopsy 
absence of signs 
cyanosis 
splenomegaly 
small testicle 
pain 
stimulation test 
testosterone 
protein 
palpation 
injection 
hormone 
loudness 
hormone therapy 
prescription 
hot sweats 
no abnormality detected 
no complaints 
large tumor 
recommendation to 
positron emission tomography 
chemotherapy 
cisplatin 
bleomycin 
deep venous thrombosis 
venous thrombosis 
smoker 
adverse reaction 

removal 
gemcitabine 
obstipation 
waterbrash 
crisis 
maintenance therapy 
blood 
ifosfamide 
chromium 
burial 
mesna 
nausea and vomiting 
alcohol 
cramp 
magnesium 
methotrexate 
vinblastine 
carboplatin 
oxaliplatin 
cough 
crepitation 
seizure 
vomitus 
interstitial lung disease 
disorder of lung 
pindolol 
etoposide 
d-dimer 
dispersion 
computed tomography of chest 
computed tomography of chest and abdomen 
 
 

headache 
gastritis 
pancreatitis 
narcosis 
incision 
diuresis 
potassium 
does drink 
mobilization 
layer closure procedure 
reparative closure 
prognosis good 
meperidine 
fever 
sputum 
jaundice 
hypogonadism 
married 
venography 
pounding heart 
goiter 
hepatosplenomegaly 
informing 
large liver 
chest pain 
stabilization 
muscle pain 
pneumonia 
joint pain 
 

Language independence and interoperability  
of ICD10 and SNOMED CT terms  





Which disease-disease and 
symptom correlations are 
treatment related? 



Spontaneous reports  

• Heavily trusted 
• Underreporting and biases 
• Data quality issues 



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

Eriksson et al. Drug Safety 2014 



Text mining of drug names, 
ADE/ADRs, diagnoses, … 



Frequency of Adverse Drug Reactions 
from text mining 

ADR frequency reported by manufacturer
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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 

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% CI, 0.03085-0.1901), non-zero slope 
p-value was 0,0074, all individual drug slopes are positive except for haloperidol. 

 

Sedation is the 
most occurring 

ADR in the 
corpus  

Drugs selected are 
10 antipsycotics 

(a class known to 
cause sedation) 

Eriksson et al. Drug Safety 2014 



Possible ADRs? 

Drug substance ADE p-value 
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 

p-values are multiple testing corrected 

X1                                        Y1                                       p1 
X2                                        Y2                                       p2 
....  



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

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).  “N03 
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 
 



Co-occuring ADRs in epilesia 
patients 

Roitmann et al.  
Frontiers in Physiology 
2014 



Epilesia patients clustered from 
their ADR vectors 

Node color denotes cluster 
membership as determined by 
hierarchical clustering with a 
cutoff at 0.6.  
 
Shown are only clusters with 10 
or more patients and associations 
of a cosine dissimilarity value of 
less than 0.6.  



Comorbidity trajectories in individual 
patients 

1998 2014 

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

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



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

Females Males 

In 

Out 

IR 



Disease trajectories and trajectory-
cluster for prostate cancer 

AB Jensen et al.,  
Nature Comm.,  

 2014 



Diabetes trajectory network 



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



Cardiovascular trajectory 
network 





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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