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

CM013

CM013

CM013

CM013

CM013

CM013



Drug Discovery : The Value Chain
«the discovery of a new medicine is a difficult and highly risky task»
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The Making Of An Innovative Medicine:
From Idea to Medicine



Workshops
The Making Of An 

Innovative Medicine
(today’s class)

Health Hackathon
4.12 &11.12.2025

E D I T I O N 2025



Chronobiology : feedforward/backward gene regulatory loops -
the underlying molecular mechanisms



Chronotherapy workshop : relapsing RA patient mgmt
translate the ‘circadian concept’ in rheumatology from bench to bedside

Buttgereit et al. 2012 Clinical and epdemiological
research 72: 204-210

MR : modified release



Session 3

• Introduction to biomedical translational 
research : crossing the bridge
• What do you think is translational 

research all about ?



Biomedical translational research

• An emerging biomedical research 
concept that brings together 2 distinct 
groups of researchers together towards 
a common goal: a quantum jump in 
advancing healthcare and drug discovery 
for patients in                                        
need



Translational research : fighting the “silo” research recipe



Translational research : do what patients need next !

• CLINICIANS MDs NURSES WITH 
EXTENDED EXPERIENCE IN CLINICAL 
RESEARCH AND PATIENT IN NEED

• PhDs, MD-PhDs WITH TREMENDOUS 
EXPERIENCE IN QUANTITATIVE MOLECULAR 
BIOLOGY AND MOLECULAR PATHOLOGY, 
UNRAVEL UNDERLYING MOA OF DISEASE

FROM BENCH TO BEDSIDE AND BACK !

The goal is to 
learning

communicating
across disciplines to 
achieve advances in 

health care.

Basic research :
the scientific

method

Clinical research :
the health need

WHY ?

HOW ?

Before you’re going to address a unmet medical need, a translational pharmacological model is needed



Translational oncology research - cell therapies
CAR-T cells (chimeric antigen receptor T) – Kymriah®

• the development of genetically engineered cells that specifically target tumor
antigens is one of the most promising recent strategies in the field of 
immuno-oncology.

• harnessing the patient’s own immune system to effectively target and kill
cancer cells (eg chimeric antigen receptor (CAR-T) or T-cell receptor (TCR) 
gene modified to recognize tumor associated

• antigens have shown remarkable success in 
• liquid tumor clinical trials. Next generation

strategies will follow with targeting solid tumors.

FDA approved for Acute lymphocytic leukemia (ALL), a fast-growing cancer of lymphocyte-
forming cells called lymphoblasts. Cost CHF460.000.— Tox warning: cytokine storm Actemra
tocilizumab as « antidote »

BREAKING NEWS



High unmet medical needs : do now what patients need next !

neurodegenerative ailments 
psychosomatic stress

rheumatoid arthritis patient

oncology patient in need

MI CVD, T2D etc

chronic migrane
evasive resistance in cancer 

WHICH MEDICINE CAN HELP 
ME ? WHICH PROTEIN 

PERTURBATION CAN HELP ME ? 
IS THERE A SOLUTION ?

multiresistant bacterial 
infections and multiple 
pathophysiological 
consequences 

autism alzheimer schizophrenia

Whole body severe acne



Is your research project translational ?



Translational research combines health and underliyng disease knowledge



Translational research : teaming up the expertises



Front loading clinical research



Increasing time lag between DISCOVERY AND TRANSLATION:
Are you going to wait for decades to get a cure to your ailment ?

• Among 18 non refuted interventions in randomized trials the 
translation lag was 16.5-22 years  

(the fastest successful translation occurred 
for eg. indinavir (Crixivan HIV patients) which took 4 years
 and Dornase (Pulmozyme CF patients) 5 years)

30 years



Translational research is facing the road block of ancient research programs

• Mainstream biomedical research : mutual supports between patients and research scientists : take 
advantage eg. of patient derived iPSC for the identification of novel medicines – therapeutic targets

• Shuttling solid/liquid biopsies and biomarkers from bench to bedside and back allow monitoring the 
efficacy and safety of a medicine in real time

Back to 19th century medicine ?



Translational research_ major road blocks



A chasm has recently opened up 
between biomedical researchers and 

the patients in need – the pitfalls
• costs of developing a new medicine 

mounts today at >1000.000.000 US $ !

• attrition rate !

• healthcare providers closed to 
brankruptcy (failure rate 99% : who wants 

to invest in this ?)

and healthcare costs exploding : people are 
tired of paying insurances

•  life expectancy scaling up or down ?

• eg. phamacogenomics allows the 
stratification of cohorts (eg. deCODE Inc) : 

who owns your DNA ?

• personalized medicine/precision  
medicine : solution or next problem?

“CROSSING THE VALLEY OF DEATH” ?...
DO NOW WHAT PATIENTS NEED NEXT !

Basic 
research

Clinical 
research

Healthcare research : complexity increases : crossing the valley of death ?

Cartoonist Nature News and Views 2018 



Lausanne - Switzerland – 2018 - a new center for translational 
biomedical research in ONCO IMMUNOLOGY : AGORA is born !

KEY CONCEPT : BRINGING TOGETHER BIOMEDICAL SCIENTISTS AND CLINICIANS WHO DO NOT 
NORMALLY INTERACT WITH ! WIDE OPEN DOORS TO « PERSONALIZED HEALTHCARE » !



Lausanne _ Switzerland _a new center for translational
biomedical research in ONCO IMMUNOLOGY is born : AGORA

Clinical pathology and 
histopathology _University
hospital Lausanne CHUVCenter for translational

research AGORA from
Ludwig foundation

AGORA = A « FORUM » TO BRING TOGETHER 
SCIENTISTS AND CLINICIANS WHO DO NOT 

NORMALLY INTERACT WITH EACHOTHER ! WIDE 
OPEN DOORS TO « TRANSLATIONAL RESEARCH » !

D.Hanahan (2018) Inaugural statement



DO NOW WHAT PATIENTS 
NEED NEXT !

Basic 
research

Clinical 
research

Pioneering Translational Research : a Basel forum for clinical 
and exploratory research scientists to meet and discuss



DO NOW WHAT PATIENTS NEED NEXT !

Basic 
research

Clinical 
research

Pioneering Translational Research : a Basel forum for clinical 
and exploratory research scientists to meet and discuss



Translational research – a new biomedical research discipline :
challenges and critics

• Criticism to translational research : many 
medicines arose as a move of serendipity, 
fortuitously : well known examples are natural 
products, macrolides, antibiotics such as 
penicilin, cyclosporin, diazepam, vitamins etc. 
for which no specific therapeutic 
potential/target were initially allocated

• Counter argument : an emerging new discipline 
with demonstrated potential to getting 
benefits for the patients by getting rid of silos 
between preclinical and clinical science



Translational research – yesterday and today
DEBATE : would you consider E.Jenner, L.Pasteur as precursors of translational medicine ?

WHO : highly contagious 
SMALLPOX was almost 

eradicated in october 1977
Edward Jenner

1749-1823



Nevertheless biomedical exploratory research
proposals as of today are expected to include a 

clinical relevance, a close relationship with
patient in need, hence a true translational

research program

Failed example of translational research in recent 
biomedical research programs are several among which 
eg. the monoclonal antibodies to amyloid-a beta 
particles, accumulating in Alzheimer patients 
dramatically failing after >20 years preclinical and clinical 
research activities

Translational research – critical view points



Translational Research : complexity increases

« THE vunerable spot »

« THE innovative target »

« THE precision medicine »



Translational research : evasive cancer drug resistance to targeted therapies :
a recurrent theme

• Vemurafenib interrupts the B-Raf/MEK step in ErK pathway if B-RAF has 
V600E mutations (BRAF inhibitor)

• Target the BRAF V600E mutation (FDA approved in 2011)
• Metastatic melanoma (most common mutation V600E)
• Aggressive form of skin cancer
• Programmed cell death in melanoma cell lines
• EVASIVE CANCER DRUG RESISTANCE !

B-RAF kinase inhibitor Vemurafenib
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“CROSSING THE VALLEY OF DEATH” ?...

• Vemurafenib interrupts the B-Raf/MEK step in ErK pathway if B-RAF serine 
threonine kinase receptor has V600E mutations

• TARGET THE BRAF V600E MUTATION (FDA APPROVED IN 2011)
• Metastatic melanoma  (mean overall survival 2-3-months)
• Aggressive form of skin cancer
• Programmed cell death in melanoma cell lines
• Evasive cancer drug resistance !

B-RAF kinase inhibitor Vemurafenib

Evasive cancer resistance to targeted therapies: a recurrent theme



Most cancer medicines are targeting protein kinases
a prototype of a druggable therapeutic target



Translational Research: evasive cancer drug resistance :
a recurrent theme with melanoma patients

c-myc, Fos, CREB, etc

TGF-alpha plays a role in the
processes involved with tumor
initiation and tumor growth.

BRAF mutations have been
described affecting BRAF
gene: gene copy number gain
or amplification of BRAF, and
alternative splicing of BRAF
resulting in overexpression
and leading to reactivation of
ERK independently of RAS



TRANSLATIONAL RESEARCH IN ACTION: quantitative phosphoproteomics
allows to trace evasive cancer drug resistance

FROM BENCH TO BEDSIDE AND BACK

Prof M Heim
clinician 
hepato oncologist

Prof M. Hall
Yeast geneticist 
Lasker  2017



Translational Research: mTOR pathway and cancer resistance

factors involved in
cancer



Translational Research: liver pathophysiology

FROM BENCH TO BEDSIDE AND BACK



Translational Research: longitudinal studies allows
to trace in patients evasive cancer drug resistance

1. HOW DOES THE ACTIVITY OF CANCER SIGNALING 
PATHWAY CHANGE DURING THERAPY ?

2. CAN CHANGES IN PROTEINS p-SITES
BE LINKED TO TUMOR PROGRESSION 
OR RESISTANCE ?



Multikinase inhibitor sorafenib as examplary pioneer experiment

HEPATOCELLULAR CARCINOMA HCC 
RESISTENCE TO MULTI KINASE INHIBITOR 
SORAFENIB

Poor prognosis for patients : 1y survival (liver transplants excl)

Sorafenib median patient survival by 3 months

750,000 HCC new cases per year



Translational Research: quantitative phosphoproteomics allows
to trace evasive cancer drug resistance

Drug cocktail can be translated to the clinic for precision 
therapy upon quantitative phosphoproteomics of 
patient needle biopsies (not resected tumors)

liver cancer tumor vs healthy part of the patient liver

140

290

142

177



«Hall – Heim» Basel translational research: longitudinal studies allows
to trace in patients evasive cancer drug resistance

FROM BENCH TO BEDSIDE AND BACK



Translational Research: quantitative phosphoproteomics allows
to trace evasive cancer drug resistance

FROM BENCH TO BEDSIDE AND BACK



Translational Research: quantitative phosphoproteomics allows
to trace evasive cancer drug kinase inhibitor resistance

FROM BENCH TO BEDSIDE AND BACK
First ever live phosphoproteomic (SILAC validated) analyses 

on recurrent patient liver biopsies demonstrating that 
sorafenib did inhibit MAPK within the patient tumour but 

fail to inhibit/activated growth signal downstream ! 

MN. Hall and M Heim labs, by Dazert E et al. (2016) Proc Nat Acad Sci 
113: 1381-1386

sorafenib inhibited RAF ERK signal, yet failed to inhibit
downstream signal distal to Rsk-2



Translational Biomedical Research: a challenge at the wake of
tracing evasive cancer drug resistance from patient tumours

FROM BENCH TO BEDSIDE AND BACK
Future : suitable medicines (drug cocktails) can be translated to the clinic for precision 

therapy upon quantitative phosphoproteomics of patient biopsies

CANCER PATIENT PERSONALIZED 
INNOVATIVE MEDICINE WILL BE 
SOLVED BY BIOPSY (MOLECULAR 
PATHOLOGY SCREENS) AND NOT 

MERELY BY DNA/RNA SEQ ! 
(my personal opinion)

SOLID TUMOR CANCER METASTASES MAY NEVER BEEN CURED FULLY ERADICATED, 
HOWEVER HOPEFULLY REDUCED TO A CHRONIC DISEASE !



• Translational research is meant to 
convert the valley of death into the 
Garden of Eden ? More efficient 
healthcare ?

DEBATE : HOW TRANSLATIONAL ARE YOU ? (YOUR RESEARCH PROJECT)



Complexity increases_ crossing the valley of death ?

TRANSLATIONAL RESEARCH : TRANSLATE SCIENCE TO THE CLINIC AND BRING NEW THERAPIES 
TO PATIENTS



20th century healthcare remit _ the  good news
How is your 21st century research going to keep up with this trend ? 



At what costs : healthcare costs are exploding _ the bad news



Traditional healthcare research _ ancient research programs
a silo fighting recipe !



Biomedical research scientists (the traditional team including medicinal 
chemists, pharmacologists and mol biologists) heaviliy focused on 
animal pharm models for validating an innovative medicine ??

Translational research – challenges and critics



• Making unrealistic promises for quick 
discoveries in rodents and cures may 
damage the credibility of science in the 
eyes of the patients  (info vs intox)

Translational research – challenges and critics



Translational research : the road blocks

From bench to bedside and back – healthcare improvement ?

PATIENTS SUPPORTS, GUIDES TRANSLATIONAL RESEARCH AT 
MAINLY TWO STEPS OF THE DEVELOPMENT OF INNOVATIVE 

MEDICINES



Cystic fibrosis – sticky mucus trap pathogens in the airway

NORMALNORMAL CF

antimicrobials
Ibuprofen NSAID
Dornase®
Trikafta®



Cystic fibrosis – a rare autosomal recessive disease -
when both alleles are mutated

• Most common genetic disease : prevalence : ≈1/3000 newborn in Caucasian Europe
• Life expectancy increased from ≈0-40y 1930-2010 now 65 with current medicines



Cystic fibrosis – autosomal recessive disease
when both alleles are mutated

• Most common genetic disease : prevalence : ≈1/5000 newborn in caucasian Europe
• Life expectancy increased from ≈0-40y 1930-2010 now 65 with current medicines



Cystic fibrosis _ innovative translational therapeutic solution 

• Many different mutation(s) in the chloride channel CTFR (ABC cassette 
transporter, water export  deficiencies), most common human genetic mutation

• Symptoms are thick mucus,  respiratory distress,  multiple infections with 
average reduction of life expectancy  

• Recombinant Dnase I reduces the viscosity of cystic fibrosis sputum

• Pulmozyme : a contribution of Molecular Biology to clinical unmet needs 

• CFTRs allosteric modulators recently provided a game changer in clinics



First cystic fibrosis treatment ever : 5 YEARS RECORD timing from 
an idea to making an innovative medicine in clinical practice !   

Pulmozyme-the first new treatment approach for cystic fibrosis in 30 years-was developed through a collaborative effort by Genentech, the CF Foundation, CF centers in 
North America, and the FDA. It is a bioengineered drug: The human protein deoxyribonuclease was isolated and synthesized in the lab at the cost of "several hundred
million dollars," according to Genentech's March, 1988: Genentech researcher Dr. Steven Shak was observing the blood-thinning drug TPA (Activase®)as it dissolved blood
clots, and developed the idea to engineer an enzyme that would dissolve mucus plugs in the lungs of CF patients. Research from the 1950s suggested to him that DNase
isolated from cows had been effective in breaking up mucus, though its use was discontinued because patients had allergic reactions.
October, 1988: Dr. Shak successfully isolated the human gene for DNase and cloned a small amount in the lab. Tests show that the cloned DNase did break down DNA 
accumulations in CF sputum. He assembled a team of 25 people to develop the drug.
1989: The DNase team began to purify large amounts of the enzyme. Dr. Shak spoke to CFRI about the development process and results to date.
1990: Genentech applied to the FDA for the approval of DNase. With FDA permission, Genentech began an accelerated campaign to test the drug, beginning Phase I testing
(for safety in humans) in September and Phase II testing later in the year.
October, 1991: Phase II testing, conducted by Genentech with 181 CF patients at eight U.S. treatment facilities, successfully concluded. Genentech began the construction 
of a manufacturing facility to produce sufficient quantities of the drug once final approval was granted.
1992: Phase III testing began-over 900 CF patients participated at CF centers all over the U.S.-and took one year to complete. Although increases in lung function in CF 
patients during Phase III were lower than during the first two phases, the study provided conclusive evidence of an improvement in the incidence of lung infections.
1993: In March, Genentech filed it final product application for the approval of DNase, and in August the FDA unanimously approved it under the brand name Pulmozyme. 
The FDA did caution, however, that more research is needed on the effects of Pulmozyme on different populations of CF patients not represented during the clinical trials.
December, 1993: The FDA granted Genentech authorization to deploy Pulmozyme in the clinic.

5 years from bench 
(molecular biology) to 
bedside : a world record !
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Organoids for all seasons – whose tissue not included ?
Breaking news : organoids enable patient compliance

Nathalie Brandenberg
PhD MBA CEO

cystic fibrosis transmembrane conductance regulator (CFTR), a 
chloride transporter-channel

Mitropoulou G …and Brandenberg N. 2022 Eur Respir J. 
60:2201341

Rectal organoid-
guided CFTR 
modulator therapy
restores lung
function in a cystic
fibrosis patient with
the rare
1677delTA/R334W 
genotype

CF patient

Personalized
drug testing

Organoid
with
preditive
capacity

…Based on our results, we obtained health insurance
coverage for this patient reporting significant improvement
of respiratory symptoms…



Cystic fibrosis – CFTR allosteric modulator :
a paradigm change treatment for CF patients



Vertex breakthrough : CFTR 
allosteric modulators in tri-therapy
show a real benefit for CF patients 
(game changer (!) with even
different mutations that represent
90% of the CF population !
FDA approval in 2019 

Trikafta : triple combo : 
elexacaftor/tezacaftor/ivacaftor

Cystic fibrosis – first tri-therapy frp CF patients :
a paradigm change



Enjoy an inspiring next week end !




