
Translational research : a paradigm shift !

RESEARCH SCIENTISTS TALK TO PHYSICIAN SCIENTISTS
NOVEL THERAPEUTIC TARGETS AND THEIR ROLES
AI SCREENING FOR NOVEL THERAPEUTIC MODALITIES
IDENTIFYING MOLECULAR DIAGNOSTICS
UNDERSTANDING THERAPEUTIC DELIVERY ROUTES

What is it : from bench to bedside
and back !



Dr Nathalie Brandenberg  EPFL November 20. 2025  4PM



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



Drug Discovery:  preclinical value chain _ ends up with IDB, IND, 
FDA application for FIH

PHASE IPRECLINICAL

DRUG 
CANDIDATE

PRECLINICAL 
TEST PK/PD-

SAFETY

TARGET 
IDENTIFICATION

CCSCL

SAD MAD healthy 
volunteers (what is 

the best dose 
(safety margin)

which cpd can 
help eg. to 

treat chronic 
pain? 

diabetes?

is my cpd safe 
in animal 
model? at 

what dose?

POC

ONE 
DRUG

~ 10 years

~ 1’000’000’000  
CHF

~ 10’000 
animals

~ 1000 
patients/ 

volunteers

~ 6500
expt

~ 450
scientists

IDB investigators’ drug brochure 
IND Investigational New Drug 

Application - FDA

Closing preclinical tests –
PK, PD, SAFETY

https://www.fda.gov/drugs/types-applications/investigational-new-drug-ind-application
https://www.fda.gov/drugs/types-applications/investigational-new-drug-ind-application
https://www.fda.gov/drugs/types-applications/investigational-new-drug-ind-application
https://www.fda.gov/drugs/types-applications/investigational-new-drug-ind-application
https://www.fda.gov/drugs/types-applications/investigational-new-drug-ind-application


Session 10 : preclinical tests, PK PD and SAFETY

• In vitro pharmacology
• In vivo animal pharmacology, PK, PD 

AUC, Cmax, DMPK, IDB, IND filing
• Safety assessment for FIH trials
• Investigative toxicology 

(toxicogenomics)
• Drug-drug interaction
• “off target” THE BIGGEST RISK FOR 

HUMAN BEEINGS IS NOT 
TO GET A MEDICINE !



Pharmacology, DMPK, ADME

Pharmacokinetics is the description of a the drug journey from its administration to the 
elimination «body on drug»

The biggest risk for human beings is not to get a medicine :
when benefits outweigh the known risks

DMPK -drug metabolism and pharmacokinetics : considers the biotransformation of a 
drug and assessment of its pharmacokinetics



Pharmacology during preclinical and clinical development

DIO 
at

The biggest risk for human beeings is not to get a medicine :
when benefits outweigh the known risks

rodent 
ADME



PK PD ADME : SMC and biologicals

WILL IT WORK 
IN THE 
CONTEXT OF A 
LIVING 
ORGANISM ?

• MABs

• Gleevec

• Herceptin

• Sandimmun



Pharmacology, DMPK, ADME

DIO 
at



PK : ADME process

DIO 
at



PK : drug exposure is key to efficacy

DIO 
at



PK : ADME process

DIO 
at



PK : Absorption process

DIO 
at

Drug specific factors affect eg. oral absorption of small molecuales eg pK

ORGANOIDS



ADME : distribution process

DIO 
at



ADME : distribution process

DIO 
at



ADME – metabolism and excretion process

DIO 
at

Metabolism (chemically converted metabolites (may serve as biomarkers !
Geneticaldifferences (polymorphisms) can lead to overdose !

Excretion : route dependent on size and physicochemical properties ; eg. alcool 
expired as gas, larger less polar medicine in bile, small polar moieties in urine etc.



ADME – drug clearance
elimination rate over concentration

DIO 
at



Pharmacology during preclinical and clinical development:
pharmaceutical formulation (galenics) is key 

DIO 
at

The biggest risk for human beings is not to get a medicine :
when benefits outweigh the known risks

rodent 
ADME



Pharmacology : drug formulation (galenics) is key in PK

DIO 
at

The biggest risk for human beings is not to get a medicine :
when benefits outweigh the known risks



In vivo pharmacokinetics and galenics

tissue delivery/exposure, classical vs high tech galenic formulations

Han et al. 2019 Science 365:754-756

today’s galenics tomorrow’s galenics



In vivo pharmacokinetics and prodrug :
eg release of tissue esterase-sensitive prodrugs

tissue delivery/exposure, prodrug overcome phamacokinetic barriers



In vivo pharmacokinetics and prodrug :
eg release of tissue esterase-sensitive prodrugs

tissue delivery/exposure, prodrug overcome phamacokinetic barriers



In vivo animal pharmacology, PK, PD, ADME

In vivo efficacy, exposure, safety margins, IB, FDA documents

DIO rat

ZDF ratdbdb mouse obob mouse

Vervet Cynomolgus

BalbC mouse

critecus mesocritecus 
golden hamster

Beagle dog



3R initiative in safety toxicology : can organoids help ? 



3R initiative in safety toxicology : are patient‘s safety in danger ?

Medicine safety (adverse effects) is what patients care first !! 
THE BIGGEST RISK IN DRUG DEVELOPMENT IS NOT TO GET A MEDICINE : “FAIL EARLY” STRATEGY

“If I’d known the dogs were dead, I wouldn’t have risked my life for €1,900. 
I wouldn’t have signed up. I’m not crazy.” a phase 0 BIA 10-2474 healthy volonteer trial survivor



3R initiative in safety toxicology and animal pharmacology : in vivo vs in vitro

Antispeciesism : against animal 
pharmacology/experiments vs 3Rs - while
billions of wild mice exterminted yearly by 
cats !
What about pets in custody, small
appartments ? And over consumption of 
meat? 
Against scientific process ? biomedical
research



PK in vivo – "body on drug” 

iv
po  

C max : the peak serum concentration of a therapeutic drug
T max: The amount of time that a drug is present at the maximum concentration in serum.  

/



What to expect from DMPK – PK, PD data allow relating safety with efficacy

DIO 
at

Usually clear 
understanding up 
until FIH



PK, ADME, PD -  in silico simulation

A_ amount of drug 
C=concentration of drug



In vitro pharmacology, DMPK, ADME

In vitro efficacy, safety margins, 



Phenylketonuria :  a rare disease (1:23’000 live births)
(recessive autosomal)



Phenylketonuria : facts and clinical figures

DIO 
at

Autosomal recessive inheritance :
globally 0.45 million individuals
have PKU, with global prevalence
1:23,930 live births (range 1:4,500 
[Italy]–1:125,000 [Japan]).



Phenylketonuria : medical need

DIO 
at



Direct encapsulation of 
biological active 

substances in semi-
permeable PEG 
microcapsules 

Grégoire Michielin MD PhD

advisor: 
Professor S. Maerkl, LBNC, EPFL

em
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po
ly
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er
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ed

brightfield 40 kDa TMR-dextran 500 kDa FITC-dextran composite

Phenylketonuria : galenics 2.0



PAL

Digestion

Protein

Phenylalanine

Other
amino acids
metabolized

Accumulation 
and toxicity

Phenylketonuria

Enzyme replacement 
therapy by injection

This projet:
Treatment by oral 

delivery !

https://prosperouspku.com/2021/04/01/
dietary_transition_pku/
pegylated phenylalaninhydroxylase

Rare autosomal
recessivedisorder
1:10’000 birth
0.5 millions  patients ww

Context Grégoire Michielin

Phenylketonuria : galenics 2.0

pegylated phenylalanine
amoniac lyase (30KDa)
(hydrolysis of Phe) 

https://prosperouspku.com/2021/04/01/dietary_transition_pku/
https://prosperouspku.com/2021/04/01/dietary_transition_pku/


5 
m

in
1 

hr
24

 h
r

10 kDa RITC-dextran 32.7 kDa EGFP composite 10 kDa RITC-dextran 32.7 kDa EGFP composite
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Droplet microfluidics Semi-permeable capsules

Results (1) Grégoire Michielin

Phenylketonuria : galenics 2.0



brightfield FITC channel composite
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Encapsulation of proteins And active enzymes

Results (2) Grégoire Michielin

Phenylketonuria : galenics 2.0



Deliverables Grégoire Michielin

PAL

– Next steps
– Smaller pores (avoid PAL proteolysis)
– Co-encapsulation of protease inhibitors

Isabella VM, Ha BN, Castillo MJ, Lubkowicz DJ, Rowe SE, Millet YA, et al. 
Nature Biotechnology. Nature Publishing Group; 2018 Aug 13;36(9):857–64.

• Next steps in vivo validation
• Preclinical studies
• Mouse/pig model of PKU

Phenylketonuria : galenics 2.0



PROGRESSIVE DISEASE (5-10 years) : micro- (kidney failure) and macro vascularization 
pathologies (CVD, stroke etc) PANDEMIA ONGOING : WHO - hundred millions cases worldwide !
AT DIAGNOSIS : major losses (!) in pancreatic b-cells due to insulin resistance
DISEASE ENABLING BIOMARKER urgently needed : read  Wigger L. et al … and Thorens B. (2017) 
Plasma dihydroceramide are diabetes type 2 susceptibility biomarkers both in human and 
rodents. Cell Reports 18: 2269-2279elevated fasting blood glycemia > 1.3g/l

ULTIMATE THERAPEUTIC SOLUTION IN
TYPE II DIABETES

Case study : type 2 diabetes novel medicines : the impact of 
animal pharmacology and safety



Le Monde

Type II diabetes and metabolic syndrome pandemia _ 2025 : WHO



Type 2 diabetes current future therapies

Improve stadart of care : metformin

Viollet et al Clinical Sci.(2012) 
122:253-270

anti hyperglycaemic action of Metformin mainly associated with 
activation of AMPK and decrease of hepatic glucose production



Type 2 diabetes current therapies

Sulfonylurea(s) : secretagogue with risk of hypoglycemia

Viollet et al Clinical Sci.(2012) 
122:253-270

INSULIN SECRETAGOGUE action of sulfonylureas mainly 
associated with binding/closing ATP-sensitive K+ channels of 
bcells which in term depolarize voltage gated Ca2+ channels and 
increase degranulation of proinsulin vesicles



The Aleglitazar Story
Challenged by developing

a balanced non TZD PPARalpha 
PPARgamma agonist

profiled in insulin resistant and 
cardiovascular patients

in clinical phase III

Case study: My story in the development of innovative medicine

A/B C D E F

100-600AA 70AA 250AA

H2N COOH

Modulator-AF1 DBD LBD-AF2

ZF1-ZF2 LXXLL

Hinge
Common blueprint of the nuclear hormone receptors

• PPAR - Peroxisome Proliferator Activated 
Receptor

• RXR - Rexinoid Receptor

• PPAR/RXR-dependent nuclear signaling

apo A-I, II
apo C-III
aco
P450
LPL

PPRE

PPAR RXR

PPAR RXR

POL2
SRC-1

ligand binding and co-
regulator binding domainDNA binding domaintransactivation domain

ligand independent
C- terminal domain



The Aleglitazar Story
Challenged by developing

a balanced non TZD PPARalpha 
PPARgamma agonist

Profiled in insulin resistant and 
cardiovascular patients

In clinical phase III

CPDs SCREENING CASCADE

PPARag  receptor binding assay (IC50)

RXR PPAR Heterodimer assay

Db/db mouse screening

HDL assay in DIO mice and hamster

Safety margin  IDB

Non human primate monkey 

First dose in man

Clinical trials

Case study: a balanced PPAR’s agonist - the aleglitazar story
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Rosiglitazone (Prototypical PPARgamma Agonist)

GSK-Tail (Phenyloxazole) Benzothiophene Spacer (Boehringer "Invention")

LBD = ligand binding domain Aleglitazar



The Aleglitazar Story
Challenged by developing

a balanced non TZD PPARalpha 
PPARgamma agonist

Profiled in insulin resistant and 
cardiovascular patients

In clinical phase III

Balanced PPAR’s agonist - the thiazolidinedione class of cpds

LBD = ligand binding domain

Adverse effects
• weight gain due to fluid retention 

(hemodilution)
• Increased deposition of subcutaneous fat

• Increased of heart failure and MI
• hepatotoxicity



Cynomolgus monkey
Acute (3 hr.)
Glucose / Insulin

7-21 day p.o
Lipid profile 

dbdb SD Chol ZDF ZDF ZDF fafa Hamster

4 day p.o
Glucose
Insulin

> - 40%

† TG

4 day p.o
TG

> - 30%

† HDL

>SUs
† Hypoglycemia
Rebound & duration

7-10 day p.o
Glucose, Ins, TG

OGTTDose-response

> -40%   >-30%AUC

Clamp

GIR
† Insulin sensitivity

† LDL
† Efficacy
cf TZD/class best

Only the combination of SEVERAL CRITICAL ANIMAL PHARMACOLOGICAL MODELS 
may predict the therapeutic value of an innovative medicine in future first-in-human 
clinical settings/trials 

Case study: a balanced PPAR’s agonist - the aleglitazar story
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Case study: a balanced PPAR’s agonist - the aleglitazar story



Pharmacokinetics Total clearance 6.2 ml/min/kg             1.6 ml/min/kg

(Rat) Vss 1.3 l/kg           (Cyno-

                                             monkey )

0.4 l/kg

Bioavailability 70 % 68 %

Safety (in vitro)

T1/2

Cyp

hERG

Ames/MNT

Phsopholipidosis

Phototoxicity

4 h

3A4 19; 2C9 4.0; 1A2 >50

negative

negative

negative

negative

12.9 h

2D6 >50; 2C19 12 µM

Case study: a balanced PPAR’s agonist - the aleglitazar story



PK PD in vivo different species tested



7-21 day p.o
Lipid profile 

FF: 300 mkd

728804: 3.0 mkd

control

728804: 0.3mkd

Peak shifted to larger HDL

(Rat) (Cynomolgus)

Pharmacokinetics Total clearance 6.2 ml/min/kg             1.6 ml/min/kg

Vss 1.3 l/kg 0.4 l/kg

Bioavailability 70 % 68 %

Safety (in vitro)

T1/2

Cyp

hERG

Ames/MNT

Phospholipidosis

Phototoxicity

4 h

3A4 19; 2C9 4.0; 1A2 >50

negative

negative

negative

negative

12.9 h

2D6 >50; 2C19 12 
µM

Case study: a balanced PPAR’s agonist - the aleglitazar story



Ceftriaxone (green) PK profile (vs other cephalosporins)

Today’s world most prescribed cephalosporin:
 unique PK “once a day” ceftriaxone or how to get the job done !

R2 benzylalcohol
R1 thio-methyltetrazol

R2 mercaptopyridine
R1 methylester

R2 methylthiophen
R1 aminoester

R2 aminoester
R1 methoxyimine furane

R2 aminotriazol N-
methoxyimine

R1 thiotriazindionea remarkable example of mastering t ½ half life of an iv/im cpd



Efficacy yes, but safety (adverse effects) is what patients care first ! 

Consider drug efficacy and safety
before first-in-human trials - FIH

Have you ever

experienced an adverse 

effect of a medicine ?



Safety (adverse effects) is what patients care first 

• On January 17, 2016, a healthy man was 
declared brain dead after receiving an 
experimental drug in a first-in-human (FIH) trial 
in France.

• After the authorities asked for the Investigator 
Drug Brochure (IDB) from the drug developer 
Bial in Portugal (sponsor) they realized that the 
63 pages long document barely contained TWO 
pages on drug efficacy and desired 
pharmacological profile. 

• Moreover, the cpd had been tested at a range of 
doses in mice that MADE IMPOSSIBLE TO 
ESTIMATE the most likely safe and effective dose 
in humans!Kimmelmann J et al. 2017 Nature 542: 25-27

BIA 10-2474 was an experimental
fatty acid amide hydrolase (FAAH) 
inhibitor. Documents from a 
prospective volunteer forwarded to 
French media described BIA 10-2474 
as a "product in development for the 
treatment of different medical
conditions from anxiety to Parkinson's
disease, but also for the treatment of 
chronic pain of sclerosis, cancer, 
hypertension, or the treatment of 
obesity.”

“If I’d known the dogs were dead, I wouldn’t have risked my life for €1,900. 
I wouldn’t have signed up. I’m not crazy.” a phase 0 BIA 10-2474 healthy volonteer trial survivor

Survivor of lethal French drug
trial speaks out :

dogs and a monkeys died from
same drug before it was tried on 

humans



Swiss physician «Paracelsus» : the beginning of toxicology
«every medicine is a poison in disguise»

Philippus Aureolus Theophrastus Bombastus von Hohenheim
1493-1541

“Paracelsus” practiced medicine at University of Basel Switzerland (oldest swiss university since April 4, 1460 on !)

“solely the dose makes it a poison or not” (sola dosis facit venenum)



Swiss pysician Paracelsus : the beginning of toxicology
«every medicine is a poison in disguise»

Philippus Aureolus Theophrastus Bombastus von Hohenheim
“Paracelsus” practiced medicine at University of Basel Switzerland (founded April 4, 1460)

“solely the dose makes it a poison or not” (sola dosis facit venenum)



Safety assessment : Paracelsus in the belgian comic strips !

“solely the dose makes it a poison or not” 



Safety (adverse effects) is what patients care first !
a balancing act in pharmacology 

• A BALANCING ACT : NO THERAPIES WITHOUT ADVERSE EFFECTS !
• ANY THERAPEUTIC PHARMACOLOGICAL INTERVENTION SHOULD 

HOWEVER BE SAFE : TODAY’S INVESTIGATIVE TOXICOLOGY IS KEY !
• Paracelsus -16th cent : “every drug is a poison in disguise” (sola dosis facit venenum)

• Depakine
• Opioid
• Thalidomide
• and more tox

catastrophes



Safety (adverse effects) is what patients care first !
a balancing act in pharmacology 

• A BALANCING ACT : NO THERAPIES WITHOUT ADVERSE EFFECTS !
• ANY THERAPEUTIC PHARMACOLOGICAL INTERVENTION SHOULD 

HOWEVER BE SAFE : TODAY’S INVESTIGATIVE TOXICOLOGY IS KEY !

• Paracelsus - 1526 : “every drug is a poison in disguise” (sola dosis facit venenum)

• Thalidomide
• Depakine
• Opioid
• Benfluorex
• and more tox

catastrophes



Looking at attrition rate from AstraZeneca portfolio (2005-2020)

Food for thoughts : the biggest risk for human beings is not to get a safe and efficacious 
medicine !



Pharma challenge : the biggest risk for human beings is not to get 
a safe and efficacious medicine !



The biggest risk is NOT to get a medicine !



Looking at attrition rate from AstraZeneca portfolio (2005-2020)

Food for thoughts : the biggest risk for human beings is not to get a safe and efficacious 
medicine !



Safety vs Efficacy : drug development success rate overall and by criteria



High attrition rate : only very few experimental medicine makes it to
the clinical practice

>95 % attrition rate : the sooner the better !



«Poisoning the atmosphere» or when poison turns a medicine :
Sydney Farber antifolate in leukemia and Paul Ehrlich arsenic in syphilis

“20th century turned poison into a medicine (the advent of chemotherapy) !
vindicating Paracelsus findings :“solely the dose determines that a medicine is a poison or not” (sola dosis facit venenum)



Safety assessment across the value chain

THE BIGGEST RISK IN DRUG DEVELOPMENT IS NOT TO GET A MEDICINE : “FAIL EARLY” STRATEGY



A central dogma in investigative toxicology _ ON vs OFF target

WHAT HAPPENS WHEN A NEW MEDICINE INADVERTEDLY TARGETS UNWANTED 
PATHWAY/MOLECULES ? CONSEQUENCES CAN BE FATAL UNLESS YOU CAN PREDICT/DETECT 
OFF TARGETS BEFORE ENTERING CLINICAL DEVELOPMENT ! cf Cerep® panel of th targets

OFF target

ON target



A central dogma in investigative toxicology _ ON vs OFF target

WHAT HAPPENS WHEN A NEW MEDICINE INADVERTEDLY TARGETS UNWANTED 
PATHWAY/MOLECULES ? CONSEQUENCES CAN BE FATAL UNLESS YOU CAN PREDICT/DETECT 
OFF TARGETS BEFORE ENTERING CLINICAL DEVELOPMENT ! cf Cerep® panel of th targets



Safety assessment across the value chain eg Cerep Eurofins

THE BIGGEST RISK IN DRUG DEVELOPMENT IS NOT TO GET A MEDICINE : “FAIL EARLY” STRATEGY



The thalidomide story…60 YEARS AGO
nausea with pregnant women !

Sedative ! Anxiolytic !
NO TOXICITY IN ANIMAL MODELS, NO MOA !

Catalyzed a drastic GAME CHANGER in drug 
approval and monitoring by FDA/EMEA

Early days of toxicology _ safety at its infancy _turns into a tox scandal
Contergan® forte anti emetikum (Grünenthal)

Contergan® from Grünenthal Chemie 1957
wthdrawn in 1961

>10 000 patients world wide 
affected by birth defects such 
as Phocomelia (limb 
malformation), deafness etc



The biggest risk is NOT to get a medicine !
productivity declines – why ?

The era «post thalidomide» :
one of the biggest blow in productivity of modern drug development



Thalidomide : 1960’s a clinical trial in confusion   
with a pharma marketing campaign



The thalidomide story…60 YEARS AGO

>10’000 patients affected world wide 

Phocomelia (limb malformation), deafness, etc

(very few cases in USA - FDA push back –
by Dr Frances Kathleen Kelsey) 

Today’s patients are still working on a class action 
against Grünenthal

Catalyzed a drastic GAME CHANGER in drug 
approval and monitoring by FDA/EMEA

Early days of toxicology _ safety at its infancy _turns into a tox scandal :
the seminal involvement of drug regulatory bodies – FDA-EMEA-SWISSMEDIC

Contergan® from Grünenthal Chemie 1957

As a reviewer for the U.S. Food 
and Drug Administration (FDA), 
rejected authorize thalidomide for 
market because she had
concerns about the lack of 
evidence regarding the drug's
safety.

https://en.wikipedia.org/wiki/Food_and_Drug_Administration
https://en.wikipedia.org/wiki/Food_and_Drug_Administration
https://en.wikipedia.org/wiki/Thalidomide


The thalidomide story REVISITED  TODAY   
comes back with MOA and strict safety requirements  (pregancy test !)

multiple myeloma in B cell malignancies
IMiDs-Immunomodulatory drug 

NK cells stimulation, cytokine IL6 production 
How thalidomide works against cancer

Investigative toxicology : thalidomide drug repurposing

Fischer ES and Thomä N.(2014) Nature 512:49-53 Stewart KA et al (2014) Science 343:256-258 

The surprising ability of thalidomide and 
its analogs to treat various hematologic
malignancies is through the loss of two
transcription factors.

MOLECULAR GLUE DEGRADER CONCEPT
(only when the cpd links the substrate and 
ubiquitn ligase the mutated/cancer 
activated protein is destroyed !)



iMDs analogues are coined “molecular superglue degraders” 

Mode of action (MOA) of 
thalidomide elucidated !

Crystal structure of thalidomide 
(yellow) bound to CRBN and 

DDB1.

Protein degradation complex 
(proteasome) which uses 

molecular tag ubiquitin to mark 
proteins for degradation (E3 

ubiquitin ligases)

iMiDs prevent the CRBN cereblon 
receptor from engaging an 

endogenous substrate and are 
repurposed for “undruggable 

therapeutic targets” such as Zinc 
fingers and potentially any other 

therapeutic target 

Fischer ES and Thomä N.(2014) Nature 512:49-53 



Chronological view of the history of thalidomide analogues as iMiDs 
(immunomodulatory imide drug eg lenalidomide as cancer therapeutics

Fischer ES and Thomä N.(2014) Nature 512:49-53 



Why we need to stop giving our kids codeine coughing sirup ASAP



Codeine coughing sirup overconsumption



Codeine overconsumption screening : avoiding kids fatal tragedy

Codeine is O-demethylated by cytochrome P450 2D6 (CYP2D6) to 
form the more potent drug morphine, accounting for much of 

codeine's analgesic and dependence-producing properties. CYP2D6 
inhibition could be used to treat codeine dependence.



Codeine coughing sirup overconsumption



Codeine coughing sirup overconsumption : 
35 swiss adolescents do not survive the « party drug » cocktail

Neue Zürcher Zeitung  2023



opioid overprescription worldwide : how to manage chronic pain, 
eg. in palliative care ?



Opioid overconsumption : OxyContin pushed a worldwide addiction
The Purdue Pharma and Sakler family found in corruption  



US : every 7 min a deathcase on fentanyl overdose (50x more potent over heroin)  

mainly synthesized in China, then transited via Mexico etc.



US : every 7 min a deathcase on fentanyl overdose (50x more potent over heroin)  

highly addictive, powder or pill for iv/po : 2mg – endstage fatal respiratory distress



Addiction and Overdose : darknet consumption and opioid overprescription
for chronic pain symptoms



Valproic acid safety (adverse effects) :
what child bearing women care first ! 

Prescribed in manic-depression, migraine, headache and epileptic convulsion

40 (!) years to introduce pregnancy and correlate teratogenicity with valproate salt prescription ! Nowadays mandatory pregnancy test 
before prescription !   Sanofy argues it had always communicated FDA their results ; it is FDA’s job to warn patients and prescribing
physicians. Court decided the sponsors are responsible for the safety of their medicines like for any other products, eg. car safety.



What child bearing women care first



Safety is first concern of patients and some lawyers…

HOW SAFETY IS 
IMPORTANT TO 

PHARMAS ?
HOW SERIOUS CAN 
CLASS ACTION BE ?

SEVERAL PHARMA 
SCANDALS IN COURT 

TRIALS



Today’s safety issues - improve on 
pharmacoviligence worldwide ! 

Prescribed in epilepsy, manic-depressive patients, chronic
migraine and convulsions.

40 years to introduce pregnancy and correlate with teratogenicity/mental retardation and valproate salt prescription ! 
Mandatory pregnancy test before prescription !  4000 valproate affected kids registered in France in 2018.

January 2020 : Depakine® 
swiss patients class action 
on pharma, swissmedic
(authority) and GPs
Pregnant women were
prescribed Depakine® up 
until 2015 while authorities
have been warned on 
teratogenicity much earlier
(2010)



January 2020 : Depakine® swiss patients 
suing pharma and swissmedic (authority)

• 40 years (!) to introduce pregnancy and correlate with teratogenicity/mental retardation and valproate salt
prescription ! Mandatory pregnancy test before prescription !  Too bad it had been already prescribed !! 

• Prescribed in manic-depressive patients, and helps prevent migraine headaches and convulsions.



Mediator ® : a french pharma scandal : reported > 2000 death cases 



Mediator ® : cardiac valves calcification/replacement



Mediator ® : cardiac valves calcification/in memoriam



opioid overprescription worldwide : how to manage chronic pain, 
eg. in palliative care ?



opioid overprescription worldwide : how to manage chronic pain, 
eg. in palliative care ?



Biotherapeutics and safety

Aspirin half life 1h ;  mAB several weeks !



Mechanisms of adverse effects with mABs



Trastuzumab subjected to scrutiny in drug safety and development

human epidermal receptor

trastuzumab (Herceptin)
trastuzumab-DM1 (Kadcyla) 

Potential myocardium damages ; reduction in left ventricular systolic functionHansel TT,  Singer T. et al. 2010 The safety and side effects of monoclonal 
antibodies Nature Reviews 9: 325-338



MOLECULAR BIOLOGY COMPLEX INCLUDING 
PATIENT HETEROGENEITY SAFETY HURDLE !

MABs are subjected to intense scrutiny in investigative toxicology



Mechanisms of adverse effects with mABs
TGN1412 from discover to disaster

TGN1412 MAbs to CD28 ends with fatal in early clinical development
(RA experimental medicine)

After very first infusion of a dose 500 times smaller than that found safe in 
animal studies, all six human volunteers faced life-threatening conditions 

involving multiorgan failure for which most survived to ICU. 



Therapeutic index : estimate the probability of success

Therapeutic index is given as follows :

Highest exposure without toxicity
Pharmacologically efficacious exposure

Consider free exposure rather than dose !
(use AUC, Cmax, IC50, not dose ) 

Note: effective nor adverse dose/exposure is known for human at early stages
hence extrapolation with surrogate variants such as exposure data !



caveat: every drug is different ; BBB, organ penetration, highly active uptake and/or export etc.

Therapeutic index : why consider exposure rather than dose ?

PPB : plasma protein binding



Therapeutic index : estimate the probability of success

• Free tissue exposure reflects plasma exposure
• (for drugs with good membrane permeability, does not hold at BBB
• Free drug concentration reflects unbound drug to plasma proteins
• (assess PPB plasma protein binding level à exposure -> TI



Safety is key differentiation criteria in particular for chronic disease targets !

Therapeutic index : estimate the probability of success
Drugs are administered at a dosing schedule set by their therapeutic index, and 

termination of action is achieved by clearance and metabolism of the drug



In vivo pharmacology : therapeutic index definition

Safety is key differentiation criteria in particular for chronic disease targets !



Therapeutic index TI : a critical milestone in drug development
Drugs are administered at a dosing schedule set by their therapeutic index, and 

termination of action is achieved by clearance and metabolism of the drug

risk            hazard (tox finding) x exposure
---------  =     -----------------------------------------
 benefit  benefit

How much selectivity
 do I need ?



PK in vivo – body on drug !

iv
po  

C max : the peak serum concentration of a therapeutic drug
T max: The amount of time that a drug is present at the maximum concentration in serum.  

/



Therapeutic index : early stage assessment
Drugs are administered at a dosing schedule set by their therapeutic index, and 

termination of action is achieved by clearance and metabolism of the drug

risk            hazard (tox finding) x exposure
---------  =     -----------------------------------------
 benefit  benefit

Metabolic clearence varies dramatically from one 
residue to the other even with the same scaffold !

Ceftriaxon MIC -minimum inhibitory concentration-
distribution for Neisseria gonorrhoea upon iv
1mg/L susceptible, 2mg/L intermediate, >4mg/L resistant



FIH : SAD, MAD oral dosing in human healthy volonteers:
examplary pharmacokinetics PPARa/g co-agnonist in T2D

Figure 1 Mean (n=6) Plasma Concentration Time Profiles of RO0728804 
(preliminary) by dose (0.01, 0.03, 0.1, 0.3, 1, 3, 10 and 30 mg) 
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§ No relevant deviation from oral dosing proportionality was evident for the exposure to RO0728804 
         for doses ranging from 0.01 to 30 mg 
§ The inter-subject variability on Cmax and AUC of analyte was low
§ Best case scenario : NO ADR !  Cmax and Tmax dpendent on clearance

PPARag agonists in insulin sensitizing for T2D
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Case study: a balanced PPAR’s agonist - the aleglitazar story



Therapeutic index



Therapeutic index : numerical example

Low TI acceptable only for life threatening indication, TI 
highly depending on PBP !



Therapeutic index : paradigm in drug development

Therapeutic index is a concept in which you combine 
the early stage risk:benefit values 

of a medicine as early as possible in development, before late clinical trials as 
you do not want to wait for an expensive phase II/III.
PHARMACOLOGY MEETS WITH TOXICOLOGY !



ESTABLISHING THE INITIAL 
SAFETY PROFILE FOR A 

NOVEL MEDICINE 
REQUIRES EXTENSIVE TOX 

AND SAFETY 
PHARMACOLOGY STUDIES 
PERFORMED IN SILICO, IN 

VITRO AND IN 
PHARMACOLOGICAL 

APPROPRIATE MODELS

Clinical pharmacology and early safety toxicology 

What makes FIH “first-in-human” clinical trials 
special ? first time ever !

• No human exposure data ! (PK, PD, safety, 
tolerability) 

• Which dose ? Safety margin ? NOAEL !
• Which formulation ?

• Which go no go criteria to set further 
clinical trials ? 



Key milestones in early development



Case study : cardio safety assessment

hERG test (arrhythmia, torsade de pointe / ECG)
http://onlinelibrary.wiley.com/doi/10.1002/med.20019/abstract;jsessi
onid=040FBD5912CB94D08E4F006C161CDBB8.f03t01
DESCRIBE HOW CARDIO SAFETY ASSESSMENTS ARE PERFORMED IN 
ORDER TO AVOID A CARDIAC DEATH OF A PATIENT

WORKSHOP

http://onlinelibrary.wiley.com/doi/10.1002/med.20019/abstract;jsessionid=040FBD5912CB94D08E4F006C161CDBB8.f03t01
http://onlinelibrary.wiley.com/doi/10.1002/med.20019/abstract;jsessionid=040FBD5912CB94D08E4F006C161CDBB8.f03t01


Preclinical Clinical pharmacology and drug selection 
in vitro and in vivo models 



INDs (investigational new drug application)

(investigational new drug application)



INDs (investigational new drug application) :
your ticket for first-entry-in human



Attrition rate at eg. Astra Zeneka portfolio 2005-2015



Investigative toxicology _ ON vs OFF target



Investigative toxicology _ ON vs OFF target

WHAT HAPPENS WHEN A NEW MEDICINE INADVERTEDLY TARGETS UNWANTED 
PATHWAY/MOLECULES? CONSEQUENCES CAN BE FATAL UNLESS YOU CAN PREDICT/DETECT 
OFF TARGETS BEFORE ENTERING CLINICAL DEVELOPMENT !

OFF target

ON target



“Cerep Eurofins” in vitro pharmacology_ ON vs OFF target



OFF TARGET : EROFINS CEREP !



“Cerep Eurofins” comprehensive collection of in vitro pharmacology assays



OFF TARGET : EROFINS CEREP !
eg mGluR5 selective antagonist (anxiolytic)

Porter R. et al. 2005  J. Pharmacology 315:711-721



The Making Of An Innovative Medicine: toxicogenomics



In silico toxicology : how close to patients safety ?



OFF TARGET : EROFINS CEREP !



Modeling of drug adverse effets : in sillico model of 
idiosyncratic reactions

HLAs (human leukocyte antigens) encode the MHC class I, II and III (major 
histocompatibility complex)

HLAs surface proteins are directly involved in idiosyncratic adverse drug reactions

Van Den Driessche G, Fourches D (2017) J Cheminformatics 9: 1-17

HIV- strong inhibitor of 
reverse transcriptase 
(nucleoside reverse 
transcriptase inhibitor
(NRTI) class)

Abacavir (Ziagen): AIDS patients 
suffer from hypersensitivity
reactions (off target)



The CYP11B2 story and Torcetrapib

Atheroma, thrombosis and acute coronary syndrome



Reduction of LDL levels improves ACS enpoints 

The CYP11B2 story and Torcetrapib



ABCA1 transporter mutations : Tangier Island USA 

The CYP11B2 story

Tangier Island Maryland  USA

M.Teddy Laird Tangier USA



ABCA1 transporter mutations : Tangier Island MD USA 

The CYP11B2 story

Tangier Island Maryland  USA

Mr Teddy Laird, origin from Tangier 
Island is in his 50’s now. His health is 
deteriorating from “Tangier” disease; 
HIS DAD PASSED AWAY FROM TANGIER 
disease; his sister passed away from 
the disease. Each of the family member 
had issues due to the “Tangier” disease 
(hypercholesterolaemia)

Teddy's sister and investigation revealing an extremely high number of foam 
cells in not only the tonsils but a wide range of tissues including the bone 
marrow and spleen, a second trip to the island was made and the discovery 
was made of very low HDL cholesterol in both the sister and parents of 
Teddy, evidence for a genetic basis of the disease.

https://en.wikipedia.org/wiki/Foam_cell
https://en.wikipedia.org/wiki/Foam_cell


ABCA1 transporter mutations : Tangier Island USA 

The CYP11B2 story

Tangier Island Maryland  USA



ABCA1 transporter polymorphisms : cholesterol efflux

The CYP11B2 story

Tangier Island Maryland  USA

50 exons, 146 kb

AluI 5’AG:CT3’



Screening cascade of cpds

Investigative toxicology _ a personal view

The CYP11B2 story and Torcetrapib

CETP blockade
leads to 
increase of HDL 
(RCT) and 
decrease of LDL



Screening cascade of cpds

High HDL levels correlate with good CVD prognostics

The CYP11B2 story and Torcetrapib



Investigative toxicology _ a personal view

Clerc RG et al… Niesor E (2010) J. Lipid Research 12:3343-3354



Investigative toxicology _ a personal view



Investigative toxicology _ a personal view

IS THIS ADVERSE TOXIC EFFECT A CETPi CLASS OR A CPD –SPECIFIC OFF TARGET EFFECT??



Steroids and the Adrenal Cortex

The adrenal cortex is responsible for production of 3 major classes of steroid hormones: 
glucocorticoids, which regulate carbohydrate metabolism; mineralocorticoids, which regulate the 
body levels of sodium and potassium; and androgens, whose actions are similar to that of steroids 
produced by the male gonads 

MINERALOCORTICOID ESTRADIOL/TESTOSTERONEGLUCOCORTICOID

CYP11B2



An example of assay read out 
and medicinal chemistry MDO 

Clerc RG. and Niesor EJ. (2012) American Heart Association Washington DC 



Screening cascade of cpds targeting the 
aldosterone synthase

eg. H295R adrenal glomerulosa derived 
cell line and SHR hypertensive rats

Investigative toxicology _CETPi Torcetrapib but not Dalcetrapib did increase 
aldosterone synthesis CYP11B2 synthase and blood pressure in SHR 

adrenal glomerulosa derived cell lines (H295R)

Clerc RG et al. 2010 J Hypertension 10:1676-86



Screening cascade of cpds

 

Investigative toxicology _ a personal view

The CYP11B2 dramatically activated byTorcetrapib but not Dalcetrapib

Stroes and Clerc RG et al. 2010 Br J Pharmacol. 2009 Dec;158(7):1763-70. doi



The CYP11B2 story and Torcetrapib
Adrenal hormone biosynthesis 

Screening cascade of cpds

Investigative toxicology _ a personal view

Clerc RG et al. 2010 J Hypertension 10:1676-86



Intellectual property _ patents

WHY SAFETY IS 
IMPORTANT IN 

PHARMA ?
HOW SERIOUS CAN 
CLASS ACTION BE ?



Endocrine disruptors and the 
CYP11B2 nanomolar affinities
Adrenal hormone biosynthesis 

PCBs , Dioxins are very stable chemical 
entities hence invading the entire food 

chain

Investigative toxicology _ PCBs, endocrine disruptors

Phthalates mainly used as plastic 
softener are very stable chemical 

entities hence invading the entire food 
chain



Endocrine disruptors and the 
CYP11B2 nanomoloar affinities
Adrenal hormone biosynthesis 

Reproductive investigative toxicology _ endocrine disruptors : 
decrease in ano genital distance in boys exposed prenatal to PCBs

Phthalates are very stable 
chemical entities hence 
invading the entire food 

chain (PLASTIC SOFTENER)



Endocrine disruptors /reproductive clinical toxicology / pregnancy 
post partum caution / low sperm counts / infertility

Reproductive clinical toxicology



Clinical toxicology : the drug_drug interactions : explosive cocktails !



Dangerous clinical pharmacological cocktails : the drug_drug interactions

In the POLYPHARMACY ERA, it is not unusual
for patients with eg chronic diseases to be
taking half a dozen or more different
medicines. Hence, drug-drug interactions have 
increased than ever before in clinical practice.



Careful : dangerous cocktails : the drug_drug interactions
CYP450 3A4 blockade – the best known cases of fatalities

statins fibrates



Careful : dangerous cocktails : the drug_drug interactions
CYP450 3A4 blockade – the best known cases of fatalities

sidenafill nitroglycerin



Case study : a  patient on statin suffers from pharyngitis 
(ORL Othorhinolaryngology symptoms) What do you do ?

simvastatin

rhabdomyolysis !

CYP3A4 blocker

the making of an innovative medicine Pr RG Clerc 2018-2019



Case study: a  patient on calcium channel blocker suffers from pharyngitis 
(ORL Otorhinolaryngology symptoms) What do you do ?

CYP3A4

CYP3A4 blocker



Dangerous pharmacological cocktails : the drug_drug interactions and
the serotonin syndrome

Opiod analgesic
SSRI



Dangerous clinical pharmacological cocktails : the drug_drug interactions

At the onset of the COVID PANDEMIA, it was not unusual
for patients in life threatening conditions– respiratory
distress, cytokine storms etc. to be prescribed medicines
such as azithromycin and hydroxychloroquine: this drug-
drug interaction has caused of over 17’000 death cases in 
EU during first SarsCoV2 wave in 2020  (acute heart failure) 

HYDROXYCHOLOQUINEMACOLIDE AZITHROMYCIN



Careful : dangerous grapefruit drink : the drug_drug interactions

CYP 3A4
blockade !



~70% of drug-drug interactions should be avoided by AI powered algorithms 
assisting pharmacists and prescribing MDs; what about the residual risk ?



Drug interactions probability



Better compliance, lower medical costs with efficacious  and safe polypill :
a nightmare in experimental safety pharmacology  !

explore safe combinations in cardiovascular prevention  CVD:
eg. combo statin, ACE inhibitor, Ca2+ L channel blocker (amlodipine), 
diuretic (dihydrochlorothiazide), etc 

ACE i



Drug Drug combination with fatal consequences ! 



Many Drug Drug interactions with ezetimbe ! 
No rational drug design !



Ezetimibe originally screened as ACAT inhibitor.. 
cholesterol acyltransferases (ACATs) utilize long-chain fatty acyl-CoA and cholesterol as substrates to form cholesteryl esters. 

reduction of chol
absorption

…NPC1L1 gut receptor 
identified eventually many 

years later !



Session 10 


