
BIO-698 resumes Thursday September 11. 2025
4:15 PM @ CM013

THE MAKING OF 
AN INNOVATIVE MEDICINE

R E G I S T E R  N O W !

Prof Roger G. ClercMehdi AliGadiri MD PhD candWith Justine Epiney MD PhD candWith Timothee Ferrari MD PhD cand
Sciences de la Vie -SV

hacking 
medicine

workshop

Health
Hackathon

4.12 & 
11.12.2025

Introductory workshops on translational biomedical research,
drug discovery and development 

Judge Prof Dr med Olaia Naveiras



The Making Of An Innovative Medicine – class schedule
Thursday‘s @ 4-6 PM except 04.12/11.12.25 @2-6 PM

Historical perspective: the modern pharmacy
Advent of modern medicines - placebo controlled drug development

Scope of the course _ general organization _ case study   
Embracing a career at the heart of biomedical research !?

Session 1: 

Session 2: 

11.09.25

18.09.25 

02-09.10.25 

16.10.25 

25.09.25 

30.10.25 

Introduction to translational research: crossing the bridge
A chasm has opened wide between biomedical research and patients in need

Session 3: 

Sessions 4-5: Therapeutic target identification I & II
“me too” vs a wealth of innovative targets _ small MW cpds vs biologicals
Early front loading of biomarker identification for cohort stratification

Structure based drug design _medicinal chemistry_low/high throughtput 
screening assays_ multiple parallel optimization_ML-powered screens
Setting up screening assays, the robotics, the million cpds librairies

Session 6: 

Session 7: Therapeutic modalities biologicals–peptides : today’s - tomorrow’s 
pharmacy NBEs
Challengies (cost of goods - healthcare payers) and opportunities

CM013

CM013

CM013

CM013

CM013

CM013



Clinical research_ phase 0, phase I, II, III, IV with Raphael Sommer PhD Bristol Myers Squibb 
The long and complex experimental procedures with human patients

Session 11: 

In vivo pharmacology, investigative toxicology with Nathalie Brandenberg PhD eMBA CEO

Preclinical research ends up with IDB’s, FDA guidelines for FIH 
Session 10: 

Personalized Healthcare PHC _ precision medicine
How PHC started: from a single case to a paradigm change

Session 8: 
06.11.25 

20.11.25 

27.11.25

13.11.25 

Health Hackathon – Hacking medicine I with T. Ferrari & M. Ali Gadiri  MD PhDs confirmed !

Pitches –building teams – hacking problem - 5Ws – brainstorm
Session 12: 

Health Hackathon – Hacking medicine II with judges Prof Olaia Naveiras  - Prof James Habib

Building up solutions – make it better - final presentations       
Session 13: 

04.12.25
starts @ 2PM !

11.12.25
starts @ 2PM !

Session 9: Pharmacogenetic polymorphisms, Pharmacogenomics
Interindividual variability toxicity in response to medicines

The Making Of An Innovative Medicine - class schedule
Thursday‘s @ 4-6 PM except 04.12/11.12.25 @2-6 PM

Intellectual property_ integrity in research_my genome vs our genomes
Why are patents essential to new medicine/biotech development

CM013

CM013

CM013

CO017

CM013

CO017



Workshops
The Making Of An 

Innovative Medicine
(today’s class)

Prof O Naveiras Prof J Habib

Health Hackathon
4.12 &11.12.2025

E D I T I O N 2025



BIO 698 - session 10 : Dr N Brandenberg on colorectal cancer
EPFL CM013 Thursday November 20. 2025 4 PM

Guests welcome !

Host : honorary professor and lecturer Roger G Clerc



Session 9

• Pharmacogenetic polymorphisms _ 
Pharmacogenomics_GWAS



PHARMACOGENETICS, PHARMACOGENOMICS : the study of genetically based 
interindividual variability in response to drugs; susceptibility to drug induced 
adverse effect

Pharmacogenetics is not new ! 
1902 A. Garrod MD suggested
 that genetic factors direct chemical 
transformation in humans and 
underlie individual variability 
1959 F. Vogel coined the term 
“pharmacogenetics” 

Patients are individuals, we all are different ! (except twins)

PHARMACOGENOMICS :  A DIRECT LINK TO PERSONALIZED HEALTHCARE PHC !

WHY DOES SOMEONE NEED TWICE A STANDART DOSE OF A MEDICINE FOR AN 
EFFICACIOUS TREATMENT WHEREAS ANOTHER PATIENT MAY EXPERIENCE SERIOUS 

ADVERSE EFFECTS UNDER THE SAME POSOLOGY  ?

PHC _ Pharmacogenomics, pharmacogenetics

cohort



Human Genome revolution : Single Nucleotide Polymorphisms_ SNPs  

• Personalized genomics : we human beings are 98.% identical yet… ~1.8% 
different out of ~3x10<9 nucleotides  

• ~3x10<6 SNP’s (single nucleotide polymorphisms) different between individuals 
located about every thousands base pair except for… genetically identical twins !

Roger Federer Lauriane Sallin



The genome sequence revolution:
breakthroughs and risks from life science discoveries

finances

business
politics class action

ethics

scientific progress =
novel discoveries

One of the first mammalian/human
genome fully sequenced (2000)  

S. Pneumoniae S. cerevisiae one of the 
first genomes fully sequenced (1995)

vie privée: qui a le 
droit de savoir?
psychologie: 
conséquences du 
diagnostic? où sont 
les limites ?
discrimination: races, 
IQ, sexe ?

WORKSHOP !

health plan may
no longer 
consider you !¨
or else at high 
cost based on 
your
predisposition
polymorphism ? 

privacy: caught in 
justice because of 
your ancestors ?

medical advances

Today (2025) millions of human
genomes fully sequenced !



Genetic business, forensic, my DNA everywhere !

Internet website xyz
my saliva sent off !
DNA mouth swab

• COMPARAISON DE DEUX GÉNOMES

• CARACTÉRISTIQUES PERSONNELLES

• ORIGINES ET CONNAISSANCES DES        
ANCETRES

• POURCENTAGE DE CHANCE DE 
CONTRACTION D’UNE MALADIE !?

Personal identification



Genetic big business, forensic, my DNA everywhere !
curious about their genealogy, many customers ignore the potential trade off

Internet website xyz
a DNA mouth swab…easy
where did I sent off my
mouth epithelial cells ?!



Any solution to the confrontation between life science research and 
ethics ?

• engage with an open dialogue between biomedical
scientists and the population at large ! 

compelling dialogue

?

?

?
?

ethical concerns !

worries ! perceptions !

Academia ! Pharma  ! Start up !



Any solution to the confrontation between life science research and 
ethics ?

• engage with an open dialogue between biomedical
scientists and the population at large ! 

compelling dialogue eg NHS England

?

?
?



Welcome to GATTACA science fiction – the genotype of my kids at will ? 

Welcome to GATTACA – today science fiction, tomorrow reality ? 



Welcome to GATTACA – the genotype of my kids at will ? 



Welcome to GATTACA – the genotype of my kids at will ?
“ONE GENE ONE PROTEIN” BIOLOGICAL FACT OUTDATED ?  

TODAY  OUR BLUEPRINT ENABLES TO THRAWT FEW KNOWN SINGLE GENE 
INHERITED DISEASES , eg T21, PKU.

TOMORROW A DROP OF BLOOD MAY ENABLE  ….

• CHOOSING THE SEXE, THE HAIR, EYE COLOUR AND MORE OF OUR 
OFFSRPING 

• DEFINE THEIR PROFESSIONAL FUTURE,  THE IQ ?

WILL EPIGENETICS CHANGE OUR PERCEPTION /EXPECTATION OF MEDICAL 
GENETICS ?

GATACA NO LONGER PROFILES  A « CLASSICAL » EPIGENETICS (eg. testicular, 
fallopian tube ablation) BUT RATHER INVITES A SUBLTE SOPHISTICATED AND 
ATTRACTED TO SMART PEOPLE  OPPORTUNITY TO GENERATING HUMAN 
KINDS AT THEIR WILL – A KIND OF EUGENICS 2.0 - A SCARESOME GATTACA 
PERSPECTIVE 



CRISPR twin girls : human germline gene editing reported :
many fears of “designer babies” and widespread concerns for the impact of this

technology on human evolution and its implications in social Darwinism

experiment immediately generated
massive concern over the moral impact of 
this human experiment and earned
universal condemnation for advancing to 
human experi- mentation without
adequate safety precautions and 
assessments. 



CRISPR babies : mostly European subjects with homologous CCR5-∂32/∂32 are highly 
resistant to HIV, while heterozygous carriers have reduced susceptibility

ON He Jiankui’s CASE : « WE DO HAVE REASON TO BE CONCERNED: IF ANYONE WORKING IN THE 
FIELD GETS INDICATIONS THAT IT IS HAPPENING, IT IS IMPORTANT THEY LET AUTHORITIES 

KNOW »  NL David Baltimore



CRISPR babies : December 30. 2019, He Jiankui (34) was sentenced 3 years jail, fined 3 
millions Yuan (430,000 US $) and banned from performing any biomedical research

ON He Jiankui’s CASE : « WE DO HAVE REASON TO BE CONCERNED: IF ANYONE WORKING IN THE 
FIELD GETS INDICATIONS THAT IT IS HAPPENING, IT IS IMPORTANT THEY LET AUTHORITIES 

KNOW »  NL David Baltimore

HIV medical need : 2022 : 470 new cases in 
sex health clinics registered in Switzerland

DO YOU WANT EDITORIAL CHANGES (POSSIBLY DELETERIOUS, OFF TARGET) TO 
THE HUMAN GERMLINE BE INHERITED BY THE GIRL‘S CHILDREN AND THUS 

CONTRIBUTE PERMANENT CHANGES TO THE HUMAN GENE POOL ?

CRISPR twin girls do not carry the exact CCR5-
Δ32/Δ32 mutation hence He Jiankui carried out the 

false gene editing !



CRISPR human germline gene editing in New York 2025 ! :
entrepreneur Cathy Tie's company Manhattan Genomics will work on methods

to edit the genomes of human… NO WE DO NOT AGREE !

These experiments on human germ line experiment massive 

concern over the moral im
pact of such lab work and shall earn

universal condemnation for advancing to human experi-

mentation without adequate safety precautions and assessments. 



Iceland_ obscessed with genealogy  :
remembering ancestors 10th generation back ?



SNPs _ double encryptment of SNPs databases :
deCODE genetics - pioneers in genome data protection  

eg:   deCODE genetics community partnership 
and the Icelandic Ministry of Health
centralized database on healthcare

securing Mr Sample
proprietary data

database X

Mr Sample’s genomic
sequence has been stored
under code #0123, 
followed by a second code 
#ABCD

database
Y

data no: 0123

data no: ABCD

https://www.decode.com



deCODE genetics : SNPs _ double encryptment of SNPs databases 



deCODE genetics : whole genome sequencing : mutation rate

Kong et al. 2013 Nature 488:4 71-489



deCODE genetics: GWAS shows father’s age matters

Kong et al. 2013 Nature 488:4 71-489

autism cases increasing :
ageing parents ? improved
diagnostics ? premature
birth ? 



deCODE genetics : GWAS on opioid addiction heritability



deCODE genetics : behavioural studies on opioid addiction



GWAS– Impact on personalized healthcare PHC

OPPORTUNITIES
• Genome Wide Association Studies (GWAS) looks for associations with SNPs

and genetic factors across the whole genome to correlate with particular traits

non-respondersresponders



ApoE4 polymorphisms in lipid homeostasis of neurons and astrocyte
who wants to know the presence of ApoE4 in her/his genotype ?

Astrocyte assembly and secretion of triacylglycerol-rich
lipoproteins, a process boosted by the APOE4 variant. 
Lindner K. et al., 2022, Cell Reports 38, 110435

Certain genes can increase
the risk of developing
dementia, including
Alzheimer’s disease. One 
of the most significant
genetic risk factors is a 
form of the apolipoprotein
E gene called APOE4. 
About 25% of people 
carry one copy of APOE4, 
and 2 to 3% carry two
copies. APOE4 is the 
strongest risk factor gene
for Alzheimer’s disease, 
although
inheriting APOE4 does not 
mean a person will
definitely develop the 
disease



CoLaus : INFORMED CONSENT of adult population of Lausanne



my life = my genome = my credit card = my future ?

personal data protection :
the Personal Data 
Protection Act 2012



The personal protection US act 2012
ethical issues



Advancing drug discovery : GWAS – cohort  stratification 

33
Wijmenga CV. 2018. Nature  Genetics 50:322-328



GWAS - key concepts

• Mapping QTL (quantitative trait locus analysis) by 
association relies on linkage disequilibrium (LD) in the 
population

• LD can be caused by close linkage between a QTL and 
marker (= good) or by confounding between a marker and 
other effects (= usually bad);

• The power of QTL detection by LD depends on the 
proportion of phenotypic variance explained at a marker

• Mixed models are good for performing GWAS
• Genetic (co)variance can be estimated from GWAS 

summary statistics

34



GWAS timeline _ most diseases are of mulifactorial origins

EVER LARGER NUMBER OF GENETICAL MARKERS ASSOCIATED WITH DISEASES

Visscher PM et al. 2017. Am. J. Human Genetics 101:5-22



GWAS reports _ leveling off : low hanging fruits gone ?



GWAS – a workflow



GWAS – probabilistic assessment and odds ratios
over human 3.106 SNPs

The National 
Human Genome
Institute GWAS 
catalog
(http://www.geno
me.gov/gwastudie
s) lists over 
3,600 SNPs
identified for 
common diseases
or traits, and in 
general, common
diseases have 
multiple 
susceptibility
alleles.



eQTL – trans and cis eQTL 
Association of polymorphism with gene expression

eg. analysis of one gene in multiple individuals)



PHC-precision medicine : relative contributions according to

genetical

environmental

ONE OF THE GREAT CHALLENGE IS, 
THAT THE CONDITIONS WE SEE 
AROUND US IN THE REAL WORLD 
LIKE HEIGHT, WEIGHT, SKIN 
COLOUR DISEASE AND HEALTH, 
HAVE TO BE EXPLAINED BY 
GENOMICS, TRANSCRIPTOMICS, 
PROTEOMICS, METABOLOMICS, 
“OMICS” AND ENVIRONMENTAL



Big Data : 
ultimate revolution in personalized healthcare

• BIG DATA REVOLUTIONIZES BIOMEDICAL 
RESEARCH

• CORNER STONE OF PERSONALIZED HEALTHCARE

• KEY IN PRECISION MEDICINE

• disease risk
factors –

• disease
enabling
biomarkers

• imaging/histo
pathology -
pandemia

• patient 
genomics

• drug efficacy
and safety

• machine 
learning
precision
diagnostic



Patient derived tumors - a revolution in personalized healthcare

• Xenografts from
individual patient 
tumors in 
immuno
deficient animal 
pharmacological
model

• Tailored made 
therapeutic
medicines

• Tumor board



Linkage     Association 

Families Populations

Linkage vs association

pedigree, genealogy statistical test  on unrelated individuals



Linkage disequilibrium around an ancestral mutation :
NL Svante Pääbo Neanderthalensis genome

44



LD linkage desequilibrium

• Non-random association between alleles at 
different loci

• Many possible causes
– mutation
– drift / inbreeding / founder effects
– population stratification
– selection

• Broken down by recombination

45



GWAS – cadiomyocyte organic cation transporter OCTN2 and statin 
myopathies

Myopathies associated with statins (HMGCoA inhibitors)

OCTN2/solute carrier family
22 member 5 (SLC22A5)



eQTL – trans and cis eQTL 
Association of polymorphism with gene expression

eg. analysis of one gene in multiple individuals)



How pharmacogenetics CYP450 can change your life expectancy
WHY DOES SOMEONE NEED TWICE THE STANDART DOSE OF A DRUG FOR EFFICIENT TREATMENT ?

PERSONALIZED GENOMICS - when medicine/drug metabolites 
matters !

The AmpliChip CYP450 test : a pharmacogenetic DNA oligonucleotide 
microarray screen to best individualize efficacy and safety of patients

• each group of individuals do metabolize drugs differently; liver 
depending cytochrome CYP450‘s

Three categories of individuals: 

• efficaceous metabolizers (EM)
• intermediary metabolizers (IM)
• poor metabolizers (PM)
 

one of a few applications: genotyping of a women breast cancer 
patient allows to optimize her anti-hormonal therapy (dosis 
regimen) for potential relapse free survival



CYP2D6 allelic variants : pharmacogenetics_optimize the dose



Tamoxifen _ co regulator swapping on ERalpha



Pharmacogenetics - optimize the dose !

• Tamoxifen or TAM (partial ERa agonist) works as prodrug:  its 
metabolite (Endoxifen) is the active principle when administered per os

• Endoxifen works anti proliferative on the mammary gland

• Cytochrome CYP2D6 as critical step in the metabolization of TAM into 
Endoxifen

• CYP2D6 polymorphism analysis allows an optimal invidualized therapy



Personalized therapy : check BBB transporter status
of patient 



Pharmacogenetics - optimize the dose !

The knowledge of pharmacogenomics of CYP2D6 in medicine treatment is increasing, 
and it can be used for the development of 

PERSONALIZED MEDICATION in term of genetic-based dosing recommendation



Psychotherapy : pharmacogenetics_optimize the dose 

The knowledge of pharmacogenomics of CYP2D6 in risperidone treatment is increasing, 
and it can be used for the development of PERSONALIZED MEDICATION in term of 
genetic-based dosing recommendation !

Pharmacogenomics and Personalized Medicine (2016) 9: 131–147 

RISPERIDONE IS AN 
ATYPICAL 
ANTIPSYCHOTIC (AAP) 
DRUG THAT IS BEING 
PRESCRIBED FOR THE 
TREATMENT OF 
IRRITABILITY OR 
AGGRESSION IN 
AUTISM, 
SCHIZOPHRENIA, AND 
ACUTE BIPOLAR MANIA.
RISPERIDONE EXERTS ITS 
PHARMACOLOGIC 
EFFECTS BY BINDING TO 
AND INHIBITING HIGH-
AFFINITY SEROTONIN 
AND DOPAMINE 
RECEPTORS.



Pharmacogenetics : metabolism of codeine and morphine

Polymorphism categories of CYP2D6 individuals: 
• efficaceous metabolizers (EM)
• intermediary metabolizers (IM)
• poor metabolizers (PM)

RAPID EFFICIENT CODEINE METABOLIZER SUBJECTS HAVE EXPERIENCED MORPHINE 
OVERDOSE/INTOXICATION !



Pharmacogenetics in the press : metabolism of codeine and morphine

Polymorphism categories of CYP2D6 individuals: 
• efficaceous metabolizers (EM)
• intermediary metabolizers (IM)
• poor metabolizers (PM)

RAPID EFFICIENT CODEINE INTO MORPHINE METABOLIZER SUBJECTS HAVE EXPERIENCED MORPHINE OVERDOSE 
INTOXICATION !



Section 8 : pharmacogenomics_GWAS studies



IVUS : looking inside the –coronary- arteries

IVUS : intravascular ultra sound



Stroke and acute heart failure : the unstable atheroma plaque

at histopathological
level

at molecular mechanism



IVUS/angiograhy diagnostic : coronary occlusion : at high heart failure risk



Pharmacogenomics – MI phase 3 clinical trial on GWAS stratification :
first personalized cardio metabolism clinical trial



Pharmacogenomics – MI phase 3 clinical trial on GWAS stratification :
a team work at the core of patient needs

Prof Dr Roger G. Clerc Roche pRED Basel Metabolic Disease



Beneficial effect of increasing reverse cholesterol on a large CVD cohort  !?

CORONARY ARTERY ATHEROSCLEROSIS IS 
THE SINGLE LARGEST KILLER OF MEN 
AND WOMEN IN THE DEVELOPED 
COUNTRIES AROUND THE GLOBE. IT IS 
THE PRINCIPAL CAUSE OF CORONARY 
ARTERY DISEASE (CAD), IN WHICH 
ATHEROSCLEROTIC CHANGES ARE 
PRESENT WITHIN THE WALLS OF THE 
CORONARY ARTERIES, WITH HEART 
FAILURE AND STROKE EVENTS. 



dal – outcome trial : pharmacogenomics_posthoc analysis

Tardiff et al. (2016) Cir Cardiovasc Genet 116: 340-348



dal – outcome trial : pharmacogenomics_posthoc analysis

Tardiff et al. (2016) Circ Cardiovasc Genet 116: 340-348
Lindpaintner K et al (2015) Circ Cardiovasc Genet 8: 253-255



Session 9 



A. Cancer
B. Cardiovascular
C. Diabetes
D.Obesity
E. Neurological
F. Don’t know

What is the first cause of human death in developed 
countries ? 



A. Cancer
B. Cardiovascular
C. Diabetes
D.Obesity
E. Neurological
F. Don’t know

What is the first cause of human death in developed 
countries ? 



How many years on average to discover and develop 
a new medicine (NME) ?

A. 5 years
B. 10 years
C. 15 years
D. Don’t know



How many years on average to discover and develop 
a new medicine (NME) ?

A. 5 years
B. 10 years
C. 15 years
D. Don’t know



Pharmacogenomics and 
pharmacogenetics are essentially :

A. Genome wide linkage 
study

B. Role of polymorphic 
genome on drug 
response

C. Expression quantitative 
trait analysis eQTL



1: GWAS   A: from bench to bed side and back
2: SNP    B: brings LDL cholesterol back to liver
3: translational research C: HMGCoA reductase inhibitor (statins)

4: reverse cholesterol  D: genome wide association study
5: most sold medicine sofar E: single nucleotide polymorphism
6: HTS    F: high throughput SMW cpd screening
7: efficacious D6 metabolizer G: breast cancer greater survival chances 

A. 1D,2C,3E,4B,5A,6F,7G
B. 1D,2C,3E,4A,5B,6F,7G
C. 1G,2D,3A,4E,5B,6F,7C
D.1D,2E,3A,4B,5C,6F,7G

WHICH SERIES IS CORRECT ?


