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Same diagnosis 
and same treatment

Effective but toxic 
drug

Drug 
ineffective 

Ineffective and toxic 
medication

Effective 
medication

VARIABILITY OF DRUG RESPONSE 



Shork. Nature. 2015

IMPRECISION MEDICINE

Top 10 best-selling drugs in the US

1 for 
20 à 25

Number of people to be 
treated for a person to 

benefit.



5-10% 4 ème 4 billion

Hospital 
admissions

Cause of 
death (USA)

Lazarou et al JAMA 1998; Wasserfallen et al Eur J Intern Med. 2001; Pirmohamed M et al BMJ 2004

Annual costs

ADVERSE DRUG REACTIONS

Preventable in 50% of cases 



"One-size-fits-all

Personalised 
therapies



SOURCES OF VARIABILITY

Genetics

EnvironmentIntrinsic

gender

organ function

co-morbidities
age

weight
diet

tobacco alcohol

co-medications

pollutants

herbal medicine



Emerging approach 
for treatment and 

disease prevention, 
which takes into account 

the variability of individuals 
at the level of their genes, 
environment and lifestyle.

PRECISION MEDICINE

NIH definition https://medlineplus.gov/genetics/understanding/precisionmedicine/definition/



THE 
PRECISION 
MEDICINE 
INITIATIVE

"I want the country that eliminated polio and mapped the human genome to lead a new era of medicine -
one that delivers the right treatment at the right time. So tonight, I'm launching a new Precision Medicine 

Initiative to bring us closer to curing diseases like cancer and diabetes and to give all of us access to the 
personalized information we need to keep ourselves and our families healthier. We can do this.

President Barack Obama, State of the Union Address, January 20, 2015

215 million USD

https://allofus.nih.gov



Mission statement: to enable a new era of medicine through research, 
technology, and policies that empower patients, researchers, and providers 

to work together toward development of individualized care.





https://allofus.nih.gov







https://allofus.nih.gov

characterization of biologic specimens and 
behavioral data linked to the EHR



https://allofus.nih.gov



https://www.samw.ch/fr/Projets/Swiss-Personalized-Health-Network.html



The Swiss Government has allocated a total of CHF 68 millions to the initiative.



Period 2017-2020
CHF 68 million

BioMed IT 

CHF 18 million

Project financing 
(NSB) CHF 50 million 

Infrastructure 
implementation 

Infrastructure 
development

Drivers 

Three funding instruments



Period 2021-2024

• The Swiss Government renewed the mandate of the Swiss Academies 
of Medical Sciences (SAMS) and the SIB Swiss Institute of 
Bioinformatics for a second SPHN funding period for 2021 to 2024. 

• From a total budget of 66.9 Mio CHF: 
• 50 Mio are under the responsibility of the NSB and the SAMS
• 16.9 Mio is dedicated to BioMedIT



PHARMACOGENOMICS

Study of the influence of genetic variations 
on drug response

Abbasi J, JAMA 2016;316:1533-35.



Objectives of 
pharmaco
genomics

Individualising drug 
therapy

✓ Improving the 
effectiveness of 

treatments

✓ Reducing the incidence 
of adverse effects

✓ Reducing treatment
costs for the health

system 



PHARMACOGENOMIC FACTORS

Receptors Ion 
channels
Enzymes 

DRUGORGANISM

PHARMACODYNAMICS

PHARMACOCINETICS

Drug carriers
Enzymes of metabolism



Pharmacokinetics Pharmacodynamics

e.g:
Cytochromes P-450 (CYP)
N-acetyltransferase (NAT)
Thiopurine methyltransferase (TPMT)
P-glycoprotein (ABCB1)

e.g:
Mu opioid receptor 1 (OPRM1)
Vitamin K epoxide reductase C (VKORC1)
Catechol-O-methyltransferase (COMT)
HLA

PHARMACOGENOMIC FACTORS



CENTRAL ROLE 
OF CYP450

cytochromes 
P450

Pharmacology

biotransformation of 
drugs

Toxicology

detoxification, 
activation of pro-

carcinogens

Physiology

metabolism and 
biosynthesis of 

endobiotics

Environmental 
Sciences

herbicide metabolism, 
pesticides, biomonitoring

Plants and 
phytotherapy

metabolism of 
terpenes, alkanoids, 

phytoalexins

Chemistry

stereoselective 
and regioselective 

oxygenation 



CYP450 METABOLISM

Active 
molecule

Inactive 
molecule

Active 
metabolite

Inactive 
metabolite

DETOXIFICATION

BIOACTIVATION

CYP450

CYP450



WHY MEASURE CYP450 
ACTIVITY?

Isoenzyme Extent of 
variability

CYP 1A2 40x

CYP 2B6 50x

CYP 2C 25-100x

CYP 2D6 >1000x

CYP 3A 90x 

Rendic & DiCarlo. Drug Metab Rev 1997, 29, 413-80.
Wojnowski. Ther Drug Monit 2004, 26, 192-9.





https://www.atelierantalgie.com/blog/2018/01/25/ne-donnez-plus-de-codeine-aux-enfants/



https://www.atelierantalgie.com/

Codeine and CYP2D6



Bioactivation of codeine

CYP 2D6

codeine morphine

Dayer P et al. Biochem Biophys Res Commun. 1988;152: 411-6. 
Desmeules J et al. Eur J Clin Pharmacol. 1991;41: 23-6.



Polymorphism of CYP2D6

ou

Enzyme 
absent

Poor 
metabolism

PM

5-10%

Enzyme 
unstable

Intermediate
metabolism

IM

10-15%

Enzyme 
normal

Normal 
metabolism

NM

60-70%

Enzyme 
surexpressed

Ultrarapid
metabolism

UM

1-10%

Genotype

Phenotype

Frequency

in Europe

Activity score 
(AS)
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0 1

1

1
1

00 .50
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1%

6%

5%

10%

CYP2D6 
Poor metabolizers

4%
3%

Polymorphism of CYP2D6



CYP2D6 
ultrarapid metabolizers

3%

5%

30%

8%

3%

1%

5%

10%

20%

2%

Polymorphism of CYP2D6



Poor 
metabolizer

Desmeules et al Eur J Clin Pharmacol 1991, 4:1 79-86

CODEIN AND CYP2D6 POOR METABOLISM

Reduced analgesic efficacy 
(experimental pain models in healthy 

volunteers)



CYP2D6 AND CODEINE ANALGESIA

VanderVaart S et al. Ther Drug Monit. 2011;33:425-32. 
n= 45 post-caesarean women treated with codeine 

and genotyped for CYP2D6

PMsEMs hetEMs

Doses 
x2.5



Kirchheiner et al Pharmacogenomic J 2007

CODEINE AND CYP2D6 UM

Ultrarapid 
metaboliser UM

Increased toxicity?



TOXICITY OF CODEIN AND CYP2D6

Cases Indication Toxicity

Breastfed newborn Episiotomy (mother) Death 

Breastfed newborns Severe muscle pain 
(mothers)

Mothers: sedation, nausea, dizziness; 
Children: dizziness, feeding difficulties

Child (2 years) Tonsillectomy Death

Child (2 years) Tonsillectomy Apnea

Child (3 years) Tonsillectomy Severe respiratory depression

Children (4 years) Adenotonsillectomy Death

Children (5 years) Adenotonsillectomy Death

Dalen et al 1997, Koren et al 2006, Madadi et al 2007, Voronov et al 2007, Madadi et al 2009, Kelly et al 2012, Orliaguet et al 2015

CYP2D6 
ultra-rapid
metabolizers



2007

2013

2017

2018





Recommendations 
for codeine 
treatment 

according to 
CYP2D6 genotype

Crews K et al, Clin Pharmacol Ther. 2014; 95:376-82.

1 in 5 Europeans 
should not receive 

codeine 

CPIC Guidelines



http://www.pharmgkb.org/PHARMacoGenomicsKnowledgeBase



Codeine TramadolOxycodone



Substance Active metabolite Reference

codeine morphine Dayer et al, Biochem Biophys Res Comm 
1988

tramadol M1 Paar et al, Clin Invest 1992

hydrocodone hydromorphone Otton et al , Clin Pharmacol Ther 1993

oxycodone oxymorphone Cleary et al, J Pharmacol Exp Ther 1993

dihydrocodeine dihydromorphine Fromm et al, J Pharmacol Exp Ther 1995

ethylmorphine morphine Xu et al, Biochem Pharmacol 1995

Bio-activation of opioids by 
CYP2D6



Stamer U et al, Clin Pharmacol Ther 2007

CYP2D6 and postoperative tramadol 
analgesia

n= 187 patients after major 
abdominal surgery

Cumulative tramadol 
consumption over 48 hours

PM > IM > NM > UM



n= 187 major abdominal surgeries

PM

Quadrupled therapeutic resistance 
in CYP2D6 poor metabolizers

PM NM UM

Stamer U et al, Clin Pharmacol Ther 2007



TRAMADOL: DUAL MODE OF ACTION

2 phenotypes <-> 2 different drugs

H M1CYP2D6tramadol

monoaminergic opioidergic

CYP2D6 ultrarapid
metabolizers

↑
CYP2D6 poor
metabolizers

↑



Front Pharmacol. 2018 Mar 5;9:148. doi: 10.3389/fphar.2018.00148. 



✓ A subset of patients (CYP2D6 PMs and UMs) 
should not receive codeine, oxycodone or 
tramadol due to reduced analgesic effects or 
increased toxicity

OPIOIDS AND CYP2D6



GWAS 
10 -1056 SNPs

Risk: insufficient power, 
false positives

Association 
studies

Hypothesis driven Hypothesis generating

Candidate gene approach
Risk: negative study if 

false hypothesis



• 6’000 patients taking simvastatin 80 mg/d

• 85 cases of myopathy vs 90 matched controls

• 300’000 genetic markers (GWAS)

GWAS : statin induced myopathies

SEARCH collaborative group. NEJM 2008,359:789-99

SLO1B1*5
Risk increase:
4.5 fold (1 mutation) 
17 fold (2 mutations)
60% myopathies 
attributed to the C allele

SLCO1B1*5

Replicated in an independant dataset 
(simvastatine 40 mg/d)



https://www.pharmgkb.org/pathway/PA145011108

OATPs

• SLCO1B1 (solute carrier 
organic anion transporter 
family member 1B1) gene
codes for OATP1B1 tansporter

• Facilitates the uptake of 
statine into hepatocytes

• Many polymorphisms 
identified incl. SLCO1B1*5

 -> in Europe: 

27% (heterozygotes)
1% (homozygotes)

SLCO1B1



The impact of 
SCLO1B1*5 varies 

by statin

European Heart Journal - Cardiovascular 
Pharmacotherapy 2022, 8: 85-99.



SLCO1B1*5 and statin induces myopathies: 
meta-analysis

Carr DF et a, Clin Pharmacol Ther 2019. 106(6): 1353-61.

OR 2.75   P = 2.01x10-14 OR 5.91   P = 1.46x10-21

OR 2.35 OR 2.99

all 
statins 

Simva
statin

Severe myopathiesAll myopathies



SLCO1B1 GENOTYPE AND STATIN DOSE 
RECOMMENDATIONS

Niemi M, Clin Pharm Ther 2010, 87(1): 130-133. 

(SLCO1B1*5)

Reduce the dose 
by 4 times!



2022



European Heart Journal – Cardiovascular Pharmacotherapy 2022, 8: 85-99.

simvastatin



✓ A subgroup of patients is at increased risk of toxicity

✓ Hypothesis generated by a GWAS

✓ Available recommendations for dosage adjustment

STATIN-INDUCED MYOPATHIES



• HIV nucleoside reverse transcriptase inhibitor (NRTI)

• Hypersensitivity reaction: 5-9%.

– Idiosyncratic

– Quick start

– Multi-organ, non-specific symptoms

– Reversible on discontinuation of abacavir

– Rechallenge can be fatal

HYPERSENSITIVITY TO ABACAVIR

Hetherington S et al, Clin Ther 2001, 23: 1603-14.



HLA PREDICTIVE OF HYPERSENSITIVITY TO ABACAVIR

Mallal S. NEJM 2008, 358: 568-79



ALLELE FREQUENCY HLA-B*5701



Mallal S. NEJM 2008, 358: 568-79

50% HLB*5701 positive patients will not 
develop hypersensitivity to abacavir





✓ A subgroup of patients is at risk of fatal idiosyncratic toxicity

✓ Genetic diagnostic testing is available and required prior to 
prescription

✓ Indicated in the professional information of the medicine

HYPERSENSITIVITY TO ABACAVIR



There are currently ∼ 20 genes 
whose variants have an impact on 150 medicines

Relling and Evans, 2015 Nature 526:343-350 FDA Table of PGx Biomarkers in Drug Labeling

Transplantation

Pain

Infectious diseases

Cancer

Cardiovascular diseases

Psychiatric illnesses



Kirchheiner J et al, Nat Rev Drug Discovery 2015

DOSE ADJUSTMENTS AND PHARMACOGENES

https://www.pharmgkb.org/guideline

PHARMacoGenomicsKnowledgeBase

DPWG
Dutch Pharmacogenetics Working 
Group



50% of patients over 65     

will receive a treatment 

within 4 years that could    

be optimised by 

pharmacogenomics

OPTIMISATION 
POTENTIAL

50%

Schildcrout JS et al, Clin Pharmacol Ther 2012



Drug Polymorphism frequency Risk

Codeine CYP2D6 (20%) Inefficacy/ toxicity

Statins SLCO1B1 (1-15%) Myopathies

Clopidogrel CYP2C19 (7-10%) Reduced efficacy

Acenocoumarol VKORC1 (30%)
CYP2C9 (3-20%)

Bleeding

Tacrolimus CYP3A5 (20%) 50% initial dose reduction

AZA et 6MP TPMT (6%) Myelotoxicity

Clin Pharmacol Ther 2014; 95 : 423–431

91% of patients carried at least one of these genetic 
variants



Genotyping Phenotyping



REIMBURSEMENT OF PHARMACOGENOMIC TESTS
since January 2017

Analysis List January 1st 2017

Federal Office of Public Health

www.bag.admin.ch

Reimbursed by health insurance if:
1. Usefulness and association with clinical 

outcomes are scientifically 
demonstrated 

2. The test is linked to the prescription of 
a drug that falls within the scope of

The tests on the SSCPT list can be prescribed by any 
doctor
All other tests require a specific indication by an 
FMH specialist in clinical pharmacology and 
toxicology



CYP450 PHENOTYPING

Increased activityIncreased 
activity

decreased 
activity

Ultra-fast 
metaboliser

inhibitor

Normal activityReduced activity

Increased 
activity

Decreased 
activity

Reduced activity



P
h

en
o

co
n

ve
rs

io
n Discrepancy between 

genotype-based 
prediction of metabolism 
and actual ability to 
metabolise drugs due to 
non-genetic factors

Br J Clin Pharmacol. 2015; 79: 222-240.



Phenotyping

Phenotyping metrics

HOW TO MEASURE CYP ACTIVITY?

test 
substrate CYP metabolite

dextrorphan 
(DOR)

dextrormetorphan 
(DEM)

CYP2D6
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Slow metaboliser 
(PM)

Normal Metabolizer 
(NM)

UMR dextromethorphan (DEM)/dextrorphane (DOR)

Ex: metabolic ratio (MR) [substrate]/[metabolite]. UMR < 0.3 

UMR > 0.3 



Simultaneous 
administration of multiple 
test substrates

Cocktail
CONDITIONS:
- enzyme-selective substrates
- no interactions between substrates

Simultaneous 
measurement of 
multiple enzyme 

activities 
+/- drug carriers

PHENOTYPING COCKTAIL



GENEVA COCKTAIL

✓ Low blood volume (5-10 μl)  
✓ Simple preparation
✓ Sent by post and stable in the air for at least 15 days

2h
CYP3A     

CYP2C9
CYP2D6      

CYP2C19
CYP1A2

midazolam (1 mg)

flurbiprofen (10 mg)

dextromethorphan (10 mg)

omeprazole (10 mg)

caffeine (50 mg)

bupropion (25 mg)

fexofenadine (25 mg)

Measuring 
activity 

CYP2B6      
P-gp

capillary sample

Blotting 
paper

Bosilkovska M, Samer C et al, Clin Pharmacol Ther 2014



Patent WO/2013/144743 A1
Device and Method for Dried Fluid Spot Analysis

Microfluidic plate

Whatman filter paper card

Microfluidic device 
for self-sampling

i-DBS TECHNOLOGY



Applications of 
phenotyping

Adjust the 
dosage

Measure
basal or 
current 
enzyme 
activity

Quantify
PK 

interactions

Explain 
ADR or 

inefficacy

Identify and 
quantify 
factors 

influencing 
enzyme 
activity



31%

25%

13%

13%

7%

11%

Psychotropes

Analgésiques

Anticancéreux

Immunosupresseurs

Cardiovasculaire

Autres

Drugs

38%

33%

18%

3%
8%

Inefficacité

Effet indésirable

Préemptif

Interaction

Autre

Indications

Ing Lorenzini K et al, Frontiers Pharmacol 2021 doi.org/10.3389/fphar.2021.730637

Genotyping and phenotyping at HUG

n= 537



48%

35%

17%

genotyping

yes

no

NA

Cases 
explained

CLINICAL IMPLEMENTATION 
Retrospective analysis 948 patients

60%

27%

13%

phenotyping + genotyping



Eur J Anaesthesiol. 2018

Front Pharmacol. 2017

Front Pharmacol. 2016

AIDS 2012

Am J Med 2021

NEJM 2004



NIH director



Horizon 2020: 15 Mio €

PREPARE 
PREemptive 
Pharmacogenetic Testing to 
Prevent 
Adverse Drug 
REactions



22-05-2023



• International multicenter, randomized, cluster-
controlled, crossover study (Austria, Greece, Italy, 
Netherlands, Slovenia, Spain and UK). 

• Genotype-guided drug treatment (n=3342) vs 
standard care (n=3602) 

• Pharmacogenetic panel of 12 genes (50 SNPs)
• Clinically relevant adverse events : 21% vs 28% (OR 

0·70 [95% CI 0·61–0·79]; p <0·0001)
-> Reduces adverse effects by 30%.

Swen J et al, Lancet 2023, 401: 346-56.



• Does the intervention work in the 
general population?

• Is the intervention beneficial or harmful 
for particular patients?

• Is it useful to consider genotype? 

Clinical trials: rephrasing the questions



Designing clinical trials strategically to increase the 
information obtained from each study: 

✓Testing specific subgroups and identifying populations 
likely to respond to treatment to demonstrate efficacy in 
fewer subjects (a priori genetic screening, enrichment 
strategies)

✓Demonstrate benefits without exposing non-responders
✓Identify and understand outliers (plasma concentrations 

or clinical response)

CLINICAL RESEARCH AND PRECISION MEDICINE

Shi MM et al, Drug Metab Disp 2001, 29: 591-5.



Retrospective
Examples: 

• Approved but less favourable benefit-risk ratio than 
competitor

• Nested study nested within a completed controlled trial 

Wang SJ, Pharmaceut Statist 2007, 283-96.

STUDY DESIGNS AND BIOMARKERS



Prospective
• Key question: Is there a genomic biomarker present at 

baseline that can be used to predict therapeutic effect?

• Enrichment design: genomic marker used to exclude patients 
(requires a validated diagnostic test)

Wang SJ, Pharmaceut Statist 2007, 283-96.

STUDY DESIGNS AND BIOMARKERS



Candidate 
gene 

studies

Genome wide 
association 

studies

Positive 
study

Negative 
study

Replication in 
independent 

datasets



COMPANION DIAGNOSTICS TESTS

• Based on biomarkers developed in parallel with the targeted 
drug development process = model for co-development of 
drug diagnostics. 

• Provide essential information for patient classification, and 
anticipation of effects and adverse events.

• The marketing of predictive biomarker tests is increasing 
significantly.



• Inform prescribers about the impact (or lack thereof) of 
genotype on treatment response

• Indicate whether a genomic test is available and, if so, indicate 
whether a test 

– should be considered

– is recommended

– is necessary

INFORMATION IN THE PACKAGE LEAFLETS OF MEDICINES



http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM337169.pdf



PGX BIOMARKERS ON DRUG PACKAGE INSERTS 
(FDA)

Biomarker Drug
Test 

required Label Sections
ALK Crizotinib Indications and Usage, Warnings and Precautions

BRAF Vemurafenib Indications and Usage, Warning and Precautions

JRC5 Maraviroc YES Indications and Usage, Warnings and Precautions

CD20 antigen Tositumomab Indications and Usage

c-Kit Imatinib YES Indications and Usage

CYP2C9, VKORC1 Warfarin Dosage and Administration, Precautions

DPD Capecitabine, Fluorouracil Contraindications

EGFR, KRAS Cetuximab, Panitumumab YES Indications and Usage, Warnings and Precautions

ER Fulvestrant, Tamoxifen YES Indications and Usage

ER/PGR Exemestane, Letrozole YES Indications and Usage

ERBB2 (HER2)
Everolimus, Lapatinib, 
Pertuzumab, Trastuzumab* *YES Indications and Usage

G6PD Rasburicase Contraindications

HLA-B*5701 Abacavir YES Contraindications

Ph Chromosome Dasatinib, Nilotinib, Imatinib Indications and Usage

TPMT
Mercaptopurine, 
Thioguanine 

Dosage and Administration, 
Contraindications/precautions



55% of oncology studies 
involved the use of 
biomarkers in 2018 
compared to 15% in 
2000



42% of drug 
approvals 

(n=25) by the 
FDA in 2018



PHARMACOGENOMIC 
KNOWLEDGE

98% 10%

Interest of doctors
98% of doctors believe 
that pharmacogenomics 
could help them better 
predict response to 
treatment

But... lack of knowledge
Only 10% of doctors 
consider their knowledge 
and available tools to be 
adequate

Stanek E et al, Clin Pharmacol Ther 2012, 91:450-8.



PHARMacoGenomicsKnowledgeBase

DPWG
Dutch Pharmacogenetics Working Group

https://www.pharmgkb.org

Online resource compiling knowledge on the impact of genetic variation 
on drug response for clinicians



MOOC in 
precision medicine

From 23 September 
2020

www.coursera.org



MEDICAL HEALTH RECORDS
/adverse reaction



9 9

CLINICAL DECISION SUPPORT TOOLS

Inclusion of pharmacogenetic data in electronic 
medical records (clinical decision support tools)





Last name, First name:

Phenotype: slow metabolizer CYP2D6

Genotype: CYP 2D6 *5/*4

Turn over the card for more information
If you have any questions, please contact the Pharmacogenomics and Personalised Therapies Unit, 

Clinical Pharmacology and Toxicology Department,  
University Hospitals of Geneva

Tel. 022 372 99 36 - Fax 022 372 99 45

Pharmacogenomic profile
Antidepressants: selective and non-selective serotonin 
reuptake inhibitors, tricyclics
Antipsychotics: aripiprazole, haloperidol, risperidone, 
zuclopenthixol
Beta-blockers: metroprolol, carvedilol
Opioids: codeine, oxycodone, tramadol
Miscellaneous: atomoxetine, ondansetron, tamoxifen

Be careful when using the following medicines:

Drug information 
and dosage

INFORMATION TO PATIENTS



"This is my pharmacogenomic profile!

INFORMATION TO PATIENTS

Last name, First name:

Phenotype: slow metabolizer CYP2D6

Genotype: CYP 2D6 *5/*4

Turn over the card for more information
If you have any questions, please contact the Pharmacogenomics and Personalised Therapies Unit, 

Clinical Pharmacology and Toxicology Department,  
University Hospitals of Geneva

Tel. 022 372 99 36 - Fax 022 372 99 45

Pharmacogenomic profile



Weinshilboum R. Mayo Clin Proc. 2017;92:1711-22 

Auwerx C et al, HGG Advances 2022



Multi-omic approaches and 
system medicine 

Example: clopidogrel

Brown SA, Pereira N, J Pers Med 2018, doi: 10.3390/jpm8010008

Connectivity and interactions inside the system



Meyer UA, Annu Rev Pharmacol Toxicol 2013

Assigned diagnosis
Comorbidities

Lab values
Medications (DDI)

Lifestyle (smoking, alcohol, 
exercise, nutrition, etc)

Microbiome

Family history
Medical history



CONCLUSIONS

✓ A better understanding of the etiology of diseases : 

 «The right medicine for the right disease»

✓  More efficient drug development -> design of specific clinical 
trials

✓  Better prediction of toxicity and efficacy, therapeutic 
individualisation

✓  Less "trial and error" -> Choice of drug and dose

✓  Drug labelling -> contraindications, warnings, recommendation 
for genetic testing

✓ Diagnostic tools available (phenotyping, genotyping) to allow 
assessment of genes and environment



✓  Discovery of new genes and new therapeutic targets 
(GWAS, whole genome sequencing)

✓  Assessment of interactions between genes, diseases and 
environment

✓  Cost-effectiveness evaluations (clinical validity and utility)

✓  Raise awareness among physicians and patients 
(education, clinical decision support tools) to increase 
clinical implementation

OUTLOOK



La Clairvoyance
René Magritte
1936



The right 
drug at the 
right dose to 
the right 
patient



"It is more important to 
know what kind of person 
has the disease than to 
know what kind of 
disease the person has".

Hippocrates 460-370 BC

PERSONALIZED MEDICINE



Questions? 

Caroline.Samer@hcuge.ch
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