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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



Session 8 - PHC – advent of 4P medicine
Preventive, Personalized, Precise, Participative

• Personalized healthcare – PHC
• Precision medicine 
• Disease enabling                    

biomarkers
• CTCs  real time DIA

participative

preventive -predictive

precise

personalized



Personalized Healthcare (PHC) : a paradigm change 
Into the future of medicine 2.0 !

• GENOMIC SCIENCES AND THE MEDICINE OF TOMORROW
• BEYOND THE HUMAN GENOME PROJECT (e-health) PRECISON MEDICINE
• DISEASE ENABLING BIOMARKERS (prodromal phase, eg. AZ !)

• 4P MEDICINE – PREVENTIVE, PERSONALIZED, PARTICIPATIVE, PRECISE

future

past



Personalized medicine : from a concept the
PHC is progressively coming of age

Adapted form Sopia Genetics Inc. 2024

WHICH MEDICINE TO WHICH COHORT OF PATIENT ?
(the R+D days of « one pill fits all » are over)

?



Personalized medicine : non-responders to oncology
therapeutics are highly prevalent and very costly

Adapted form Sophia Genetics Inc. 2024

WHICH MEDICINE TO WHICH COHORT OF PATIENT ?
(the R+D days of « one pill fits all » are over)

?



PHC pioneers : the first quantum leap 
with non hormonal breast cancer 

• Cancer therapy was first “practicing” personalized healthcare (a new era in oncology 
called “precision medicine”) 

1998-2023



Personalized Healthcare (PHC) : a paradigm change ! 

• GENOMIC SCIENCES AND THE 4P MEDICINE OF TOMORROW
• BEYOND THE HUMAN GENOME PROJECT – AI MEDICINE ON THE RISE

“one pill fits all” concept non longer suitable in drug 
discovery and precision medicine !

EACH GROUP OF PATIENTS IS UNIQUE

SUCH AS… eg A GWAS STUDY ON HUMAN HEIGHT…

Ann Hum Genet. 2010 Jan; 74(1): 11–16.

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19930247
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19930247
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19930247


Linkage disequilibrium of the human height HMGA2 locus

Weedon MN et al. 2007 Nature Genetics 39: 1245-1250

Loci are said to be in linkage desequilibrium when the frequency of association of their different alleles is higher or lower than
what would be expected if the loci were independent and associated randomly.
LOD stands for "logarithm of the odds." LOD score is a statistical estimate of whether two genes, or a gene and a disease are near
each other and likely to be inherited together. 



Personalized Healthcare : the obesity pandemia and
the predictive medicine complexity of a multifactorial disease 

• METABOLIC DISEASES - GENOMES AND ENVIRONMENTAL FACTORS
• THRIFTY GENE HYPOTHESIS-EPIGENETIC IMPACT-PATIENT DERIVED 



Genetics and Genomics – Impact on Healthcare :
my genome vs your genome

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

Polymorphisms (SNPs) and genetic factors across the whole genome to correlate with
particular traits (clinical symptoms, phenotypes) eg. ApoE4 polymorphism and AZ 



Next Gen DNA sequencing (NGS) : 
superseeded by computer development technologies 

EXCEEDING MOOR’S LAW : EVERY TWO YEARS DOUBLING THE TRANSISTOR CAPACITY OF AN INTEGRATED CICUIT HENCE COST REDUCTION

TODAY YOU GET AN EXONIC HUMAN GENOME 
SEQUENCE IN ONE DAY FOR LESS THAN US$ 100.- !



Next Gen DNA sequencing (NGS) : 
every group of patients is different

NGS  -  ULTIMATE REVOLUTION IN PERSONLIZED HEALTHCARE, CHANGES PATHOLOGY 
DIAGNOTICS PRACTICE - OFFERS PATIENTS A BETTER LIFE ? AT WHAT COSTS ?



Liquid biopsies_Next Generation Sequencing NGS

NGS: REVOLUTION IN 
PERSONALIZED HEALTHCARE



Personalized Healthcare (PHC) a paradigm change 

• Diagnostic medicine focuses on genetic diversity of groups of
individuals

• Predisposition to a particular pathology using predictive biomarkers
(eg. any body fluid, genomic next gen sequencing polymorphisms, etc)

•Do I want to know ? Do I decide not to know ? Ownership of blueprint !?

• Personalized medecine shall focus on disease prevention, participative
therapy and therapy monitoring ! Do we also need preventive hospitals ? 
preventive MDs as compared to today’s curative hospitals, current
therapeutic approaches ?

“One pill fi
ts all” concept 

no longer adequate !



EACH INDIVIDUAL – EACH GROUP OF PATIENT IS UNIQUE



There are still too many undiagnosed causes of early mortality
eg. atheroma plaque ruptures with NO predictive disease enabling biomarker

TIME magazine Jan 2007

The days of evidence based medicine are over ??  Do we want AI at bedside ?



N Engl J Med. 2017 Jan 5;376(1):96-7. doi: 10.1056/NEJMc1613563



N Engl J Med. 2017 Jan 5;376(1):96-7. doi: 10.1056/NEJMc1613563



Early front loading biomarkers for preventive medicine and
cohort stratification in clinical research : implementing 4P medicine

Glycosylated hemoglobin HBa1c -microfluidic guided
nano-imunoassay

Greg Michelin MD PhD EPFL CEO Naialabs
with Hon Ming Yip PhD and Evan Olson PhD



Biomarker discovery by Nialabs  in preventive medicine 
eg SarsCoV2 screens in community/herd immunity  



Predicting treatment responses using ML-powered generative algorithms

Prof Charlotte 
Bunne



Leukemia diagnosis using ML-powered generative algorithms

Prof Olaia Naveiras

AI revolution : integrative artificial intelligence 
outperfoming standart histopathology !?

Sarkis et al 2023.Modern Pathology 36: issue 4 April 2023



Disease enabling biomarker_driving innovation in PHC: 
from am examplary clinical practice of PHC

CANCER AT 
DIAGNOSTIC: WHAT IS 
THE STAGE OF THE 
DISEASE ?

CANCER DIAGNOSTIC 
REMAINS A MAJOR  
CHALLENGE !

October : 
breast cancer 
awareness
month !

THE MOST COMMON FEMALE CANCERS



The first PHC quantum leap with breast cancer

• Cancer therapy was first “practicing” personalized healthcare (also called “precision 
medicine”) with disease enabling biomarker HER2

90% breast cancer are
 hormonal dependent
(tamoxifen responsive)

~10% breast cancers
 test HER2 positive !

disease diagnosis:
algorithms assisted
Screens of thousands of 
calcified breast regions

EARLY DETECTION – BETTER 5Y POST DIAGNOSIS SURVIVAL



Disease enabling biomarker_breast cancer prevention - 
examplary clinical practice of PHC

CANCER AT 
DIAGNOSTIC: WHAT IS 
THE STAGE OF THE 
DISEASE ?

CANCER DIAGNOSTIC 
REMAINS A MAJOR  
CHALLENGE !

6239 new breast onco
patient each year in 
Switzerland

1369 terminal patient

Le cancer du sein en chiffres
Durant le mois d'octobre, l'accent est mis sur Ia prévention de ce cancer typiquement féminin.

En Suisse, douze femmes sur cent développent une tumeur dans la poiirine au cours de
leur vie. Heureusement, une détection précoce leur sauve lavie dans la majorité des cas.

Terdcet, MartinaFrei

6239
femmes développent

en moyenne un cancer
du sein chaque année

en Suisse. Leur âge
moyen est de 64 ans.
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En Suisse, sur 100 femmes, 12 développent un
cancer du sein au cours de leur vie. lJâge joue
un rôle: le risque augmente à partir de 45 ans.

Et entre leur 50" et leur 60" anniversaire,
25 femmes sur 1000 en sont atteintes. Chez

les 60-70 ans, ce chiffre grimpe même à 36 sur
1000 et chez les 70-80 ans, il est encore de 34.

Le cancer du sein
n'e s t s ouv ent dé co uv ert

que lorsque latumeur
mesure déjà environ

uncentimètre.

La grande majorité des
femmes guérissent d'un
cancer du sein. Cinq ans
après le diagnostic, B0o/o
des femmes sont encore
en vie. Si le cancer a déjà
formé des métastases,
il n'est généralement plus
possible de soigner la ma-
ladie, mais de lafreiner:
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femmes en Suisse meurent en

moyenne chaque année d'un cancer
du sein. Leur âge moyen de décès

est de 75 ans.

de tous les décès par
cancer chez les femmes en
Suisse sont dus au cancer
du sein. Le cancer du sein

est donc tout aussi
dangereux que le cancer

du poumon, le cancer
du côlon arrivant en
troisième position.
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cancer prevention – appropriate
breast palpation



PHC : breast cancer

William Halsted (1890s): pioneer in radical mastectomy



William S. Halsted (1850-1922): american surgeon and  
pioneer in radical mastectomy and antisepsis



Breast cancer subtypes – immuno-histo- 
morphological classification – impact of scRNAseq 

Courtesy of Luisa Spisak

TNBC : triple negative breast cancer all breast cancer biomarkers negative ER- PR- HER2-
(frequent among BRCA1 patients)



Biomarker: how to assess the risk of recurrence in breast cancer patients?

AGENDIA Inc (ROTTERDAM) RECEIVES US FDA CLEARANCE FOR THE “MammaPrint” BASED ON 70 
RELEVANT GENE EXPRESSION SIGNATURES/PROFILES FROM OLIGONUCLEOTIDE MICROARRAYS

http://www.agendia.com/



Biomarker: how to assess the risk of recurrence in breast cancer patients?

good prognostic

bad prognostic

good prognostic

bad prognostic

Adviser for treatment modalities



PHC_ the first quantum leap with breast 
cancer 

• Cancer therapy was first “practicing” personalized healthcare (a new era in oncology 
called “precision medicine”) 

1998-2023



PHC_ the first quantum leap with breast 
cancer 



Case study : PHC_ the first quantum leap with breast cancer : HER2 

• Cancer therapy was first “practicing” personalized healthcare (also called “precision 
medicine”)  Tomorrow deep/machine learning will aid histopathology diagnosis

AI revolution : integrative intelligence outperfoms
standart histopathology ! ~10-15% breast cancers

 test HER2 positive !
90% breast cancer are
 hormonal dependent
(tamoxifen responsive)

disease diagnosis:
machine learning assisted
screens may search through
thousands of calcified breast 
regions

A healthy cell may hold as many as 20,000 HER2 proteins whereas a highly
overexpressing cell as much as 2 <106 receptors, hence HER2 grading scores.

Currently clinical trials ongoing on low and very low HER2+ scoring patients  



PHC_ Two decades of HER2 targeting:
the unfinished revolution in breast cancer

HER2 - human epidermal growth factor receptor 2, also called ERB-B2 (Erb-B2 receptor tyrosine kinase 2)



PHC_ the evolution of the HER2 pie chart :
from selecting responders to excluding few non-responders

HER2 - human epidermal growth factor receptor 2, also called ERB-B2 (Erb-B2 receptor tyrosine kinase 2)



PHC_ HER2 biomarker_pioneer driver of personalized oncology

• Stratification of clinical cohorts trials based on biopses ! biomarker is key !
• Frontloading biomarker search is now common practice in translational research!

Three IHC scores = breast cancer !



PHC_ a supervised M-learning algorithm for HER2 assessment

HER2 - human epidermal growth factor receptor 2, also called ERB-B2 (Erb-B2 receptor tyrosine kinase 2)



Breast cancer
   700,000 newly diagnosed patients in Europe and USA -- 200,000 death cases
    1 women over 10  undergoes a breast cancer during her lifetime

Katrin S. enrolment
(1) Biopsy: + à (2) HerCep-Test: + à Herceptin® regimen

2/3 of all patients : overall survival benefit is about 7 years
   1/3 of all patients: 3 years life extension

Pioneering personalized Healthcare _ Herceptin and Perjeta

NB :Katrin S. is not a 
simulated patient !



Pioneering PHC_HER2 receptor biomarker_Herceptin and Perjeta

Kathrin S. was diagnosed an HER2 
positive breast cancer in 1997 (3+ 
IHC score) 

Life prognostic was no more than 3 
years of life

Here celebrating her 55th birthday…

on January 12,  2006, almost 10 
years later !



PHC_ very low - low HER2+ patients
ADC trastuzumab deruxtecan (T-DXd) 

HER2 - human epidermal growth factor receptor 2, also called ERB-B2 (Erb-B2 receptor tyrosine kinase 2)



PHC_ very low - low HER2+ patients

HER2 - human epidermal growth factor receptor 2, also called ERB-B2 (Erb-B2 receptor tyrosine kinase 2)



PHC_ very low - low HER2+ patients

HER2 - human epidermal growth factor receptor 2, also called ERB-B2 (Erb-B2 receptor tyrosine kinase 2)



PHC_ very low - low HER2+ patients
Trispecific ADCs come of age

HER2 - human epidermal growth factor receptor 2, also called ERB-B2 (Erb-B2 receptor tyrosine kinase 2)



PHC_ very low - low HER2+ patients
Into the future - weaponized biologicals 

HER2 - human epidermal growth factor receptor 2, also called ERB-B2 (Erb-B2 receptor tyrosine kinase 2)



Adapted from Howell A, Osborne CK, Morris C, Wakeling AE. ICI 182, 780 (Faslodex®), development of a novel, "pure" antiestrogen. Cancer 
2000; 89: 819. 

Hormonal dependent breast homeostasis : 
underlying molecular action of  of estradiol



Adapted from Howell A, Osborne CK, Morris C, Wakeling AE. ICI 182, 780 (Faslodex®), development of a novel, "pure" antiestrogen. Cancer 
2000; 89: 819. 
SERM = selective estrogen receptor modulator

Molecular  Action of  Tamoxifen (SERM)
90% breast carcinoma  hormonal dependent



Check metabolizer status of patient - CYP2D6 SNP analysis for 
optimal individualized therapy  



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 : responders vs non responders



Personalized therapy : check BBB transporter status
of patient 



PHC – front loading biomarker discovery

AI  - ML POWERED IMAGING ALGORITHMS NGS  - REVOLUTION
AI – 4P MEDICINE



Personalized Healthcare _ front loading biomarker discovery

WHAT IS A BIOMARKER ?  How to discover a biomarker ? What 
makes it a good biomarker ?
A biological marker of any particular healthy and disease state !
Any analytes from biofluids such as blood, urine, and stool tests, 
solid vs liquid biopsies, in situ hybridization etc.
MANY OPPORTUNITIES
Genomics: GWAS,microarrays, 
PCR,RT-PCR,microRNAs
Proteomics: MALDI TOF, 2D gel , 
ELISA,phosphoproteomics
Imaging: biopsies, IVUS, IRM 
Metabolomics: metabolites, 
metabolic pathways
Lipidomics: TG, FA contents, 
Cholesterol ester, HDL, LDL



Personalized Healthcare _ front loading biomarker discovery

NEWLY DISCOVERED BIOMARKERS 
OF HUMAN DISEASE SHOULD 
REFLECT DISEASE PATHOGENESIS, 
CHANGE WITH INTERVENTION, 
AND OFFER DIAGNOSTIC OR 
PROGNOSTIC VALUE BEYOND 
CURRENT MEASURES. 

WHO international programme on chemical safety 2001



Circulating miRs in diagnostics

O. Faruq. 2015 Frontiers
in Medicine Vol 2 Art 51   



Biomarker: plasma circulating microRNAs signatures as biomarkers

Choi YE et al. 2016 Cell R 14: 429-439

Expression of miR-622 in two cohorts of patients with BRCA1 inactivated 
human ovarian carcinomas correlates with reduced disease-free survival after 
platinum based therapies, suggesting a direct clinical relevance of miRs in 
cancer patients



Plasma circulating microRNAs signatures as biomarkers associated with 
human diseases : example relapsing resistant ovarian cancer

Choi YE et al. 2016 Cell 14: 429-439

• Ovarian carcinoma with BRCA1/2 
mutations exhibit sensitivity to DSB 
inducing agents (platinum/PARPis)

• Underlying molecular mechanism : 
defect in homologous recombination HR

• Resistance to platinum worses life 
prognostics to patients

• miR-622 induces resistance to PARPis 
and platinum in BRCA1 mutants

• Facilitation of HR mediated DSB repair

• High miR-622 correlates with worse 
outcome of ovarian cancer upon 
chemotherapy



PHC - BRCA1/2 –  tumor suppressor genes with high predictive value

Biomarker discovery : BRCA1 discovered in 1994 - DNA repair tumor 
supressor gene- today a biomarker of breast, endometrium, ovary 

and prostate cancer (65% cumulative risk) ! 

William Halsted (1890s): pioneer in radical mastectomy

M-Claire King Berkley CA USA  (Lasker award 2014): linking the first oncogene to breast cancer (1994)

Castraton resistant radical protatectomy



LOS ANGELES —”I choosed to have a preventive double mastectomy. A simple 
blood test had revealed that I carried a mutation in the BRCA1 gene (encode protein 
involved in DNA repair). I lost my mother, grandmother and aunt to cancer.
I wanted other women at risk to know about the options. I promised to follow up with 
any information that could be useful, including about my next preventive surgery, 
including the removal of my ovaries and fallopian tubes “ Angelina Jolie

PHC - BRCA1/2 - the “Angelina effect” : Holliwood celebrities
impact on how we seek treatment for health conditions

A small percentage of people (about 
one in 400, or 0.25% of the 

population) carry mutated BRCA1 or 
BRCA2 genes with

significant cumulative risk of 
ovarian, breast, pancreas, uterine, 

and agressive prostate cancers 
incidence

Towards a trend of salpingo-oophorectomy – mastectomy ? 



PHC - BRCA1 – preventive areola/nipple areola sparing mastectomy

30% to 60% of women
report sensation in the 
nipple, especially over time

NSM - a safe option for 
most women with
preventive or early breast
cancer diagnosis



PHC - BRCA1/2 are an integrated part in clinical oncology practice. 

Narod S and Foulkes W. 2004. Nature Reviews Cancer 4: 666-676

“When mutated larger 
incidence of mutational rate. 
It gave me an estimated 87 
percent risk of breast cancer 
and a 50 percent risk of 
ovarian cancer” Angelina Jolie



PHC – familial heritable negative BRCA1/2 breast cancers – more GWAS 

Lee JY et al. 2018 Nature Reports 8:15263

“When mutated larger 
incidence of mutational 
rate. It gave me an 
estimated 87 percent 
risk of breast cancer 
and a 50 percent risk 
of ovarian cancer” 
Angelina Jolie



PHC reaches Hollywood and the LA community 

What is the societal value of such a DNA test ?
the Angelina Jolie effect : 

a debate on disease predisposition biomarkers !   

BIG DATA INFORM PATIENTS eg. ON PREDISPOSITION TO GET AZ, MI, ETC. 

OR ANY OTHER NON REVERSIBLE PATHOLOGICAL AILMENTS !

FAR REACHING CONSEQUENCES : ARE WE THEN FREE TO DECIDE ABOUT ENDING OUR 
LIFES ? (eg. Exit®, Dignitas®) BASED ON PREDISPOSITION BIOMARKERS ?



A. Knudson – two hits hypothesis in tumor supressor genes



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



dal – outcome trial : pharmacogenomics_posthoc analysis

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



GWAS – cadiomyocyte transporter OCTN2 and statin myopathies

Myopathies associated with statins (HMGCoA inhibitors)



N Engl J Med. 2017 Jan 5;376(1):96-7. doi: 10.1056/NEJMc1613563



Disease biomarker_driving innovation in oncology: 
examplary clinical practice of PHC

(no clincially validated
specific biomarker yet for  
testicular carcinome !)
PSA = surrogate marker

CANCER AT 
DIAGNOSTIC: WHAT IS 
THE STAGE OF THE 
DISEASE ?

CANCER DIAGNOSTIC 
REMAINS A MAJOR  
CHALLENGE !

cancer prevention – appropriate testicular
palpation (most frequent age 14-45 y old)

November
testicular cancer 
awareness month



PHC – hormonal prostate cancer - biomarker PSA

PSA : Prostate Specific Antigen



PHC_ surrogate biomarker PSA at use in cancer screening

PSA =Kalikrein 3
serine protease,
semen liquefaction,
skin desquamation etc

THE NEED FOR AN ACCURATE BIOMARKER IS
DRIVEN BY THE FEAR OF UNNECESSARY 
BIOPSIES ON THE ONE HAND, AND THE 
MORE DANGER RISK OF MISSING A 
TREATABLE CANCER ON THE OTHER !

Ongoing efforts are targeted at identifying
new serum markers that will have greater
diagnostic accuracy for prostate cancer, 
particularly those that can predict
aggressive tumours whose treatment will
save lives

The Prostate Cancer Prevention Trial, which biopsied patients with normal PSA levels, 
estimated a negative predictive value of 85% for a PSA value <4.0ng/ml  (false negative rates)



Consistently positive PSA : robotic prostate ablation (DaVinci) (video)



Consistently positive PSA : robotic prostate ablation (DaVinci) (video)
“the surgeon takes care of the tumor, not from the mets !”



Prostate cancer : resistance and PSA controled hormonal chemotherapy

CASTRATION RESISTANT PROSTATE CANCER 
CYP17A1 inhibitor (abiraterone): androgen
synthesis blocker.  AR (androgen receptor) 
antagonist enzalutamide (SARM) therapy
PROTAC  androgene receptor-VHL ub ligase 

This was the 
first discovery
that showed
that cancer can
be controlled
by hormonal 
chemicals

Approximately
15% to 25% of 
patients with
CRPC do not 
respond to first-
line treatment
with either
abiraterone or 
enzalutamide, 
meaning that
their prostate-
specific antigen
(PSA) values do 
not decrease or 
their tumours do 
not regress. 



Microenvironmental of primary tumor progression and metastasis

From J. Joyce et al 2023  Cancer Cell 41: 375-403



Circulating Tumor Cells - CTCs

• CTCs MAY ORIGINATE FROM DIFFERENT PARTS OF THE PRIMARY TUMOR !
• 90% OF CANCER RELATED DEATHS ARE DUE TO DEVELOPMENT OF METASTASIS
• 7 MILLIONS PATIENTS WORDWIDE DIE EVERY YEAR OF CANCER METASTASIS (NOT FROM PRIMARY 

TUMOR ) !
• NOBODY KNOWS HOW TO PREVENT FORMATION OF METASTASIS !



Liquid biopsies_ into the future of personalized medicine !

Culturing ex vivo circulating patient derived cancer tumor cells 
(CTCs) allows to test various drug suceptiblity in vitro, and to 
tailor cancer metastasis therapy



Circulating Tumor Cells CTCs

• CTCs MAY ORIGINATE FROM DIFFERENT PARTS OF THE PRIMARY TUMOR !
• 90% OF CANCER RELATED DEATHS ARE DUE TO DEVELOPMENT OF METASTASIS
• 7 MILLIONS PATIENTS WORDWIDE DIE EVERY YEAR OF CANCER METASTASIS (NOT FROM PRIMARY 

TUMOR ) !
• NOBODY KNOWS HOW TO PREVENT FORMATION OF METASTASIS !



PHC – liquid biopsies and biomarker discovery

liquid biopsies : what is in there ? Overcoming tumor heterogeneity !

CTCs: circulating tumor cancer cells (glioma excepted?). Solid biopsies are frustrating as they 
rely on the evasive cancer drug resistance of the primary tumor !
CTCs cluster profiling can be used non invasively to monitor drug susceptibility in patients !



Patient tailored liquid biopsies during the course of disease :
real time personalized diagnostic

Van et al. 2017 Nature Cancer 17.223-238 

Acute metastases may be kept up as a chronic disease upon serial liquid biopsies 
and evasive cancer drug resistance scrutiny



Patient tailored metastasis evasive cancer drug resistance

Yu et al. 



Microfluidics/magnetophoresis allows to separate CTCs from whole blood 



Aceto et al. 2014 Cell 158:1110-1122

Microfluidics allows to separate CTCs from whole blood !

10 ml

10x109 RBC

50x106 WBC

0-100 CTCs !!

CTCs MAY ORIGINATE FROM DIFFERENT PARTS OF THE PRIMARY TUMOR !!



CTCs from whole blood can traverse the capillary bed !

10x109 RBC

Aceto et al. 2014 Cell 158:1110-1122



Single cell RNA sequencing of CTC and CTC clusters



CTC clusters in patients with metastastic prostate cancer

CTC clusters demonstrate increased metastatic potential compared to single CTCs



Single cell transcriptomics of CTC vs CTC clusters



CTC vs CTC clusters in tumor metastasis

Plakoglobin knock down in primary tumor suppresses 
lung metastasis



CTC vs CTC clusters in tumor metastasis



Plakoglobin in primary breast cancer tumors



PATIENT TAILORED metastasis evasive cancer drug resistance screen



Patient tailored metastasis evasive cancer drug resistance screen

Yu et al. Daniel A Haber lab. 2014 Science 345:216-220



Patient tailored metastasis evasive cancer drug resistance screen

Van et al. 2017 Nature Cancer 17: 223-238



PHC - tumor heterogeneity

PRIMARY TUMORS ARE HETEROGENOUS, HENCE 
DIFFICULT TO CONSIDER FOR THE ONCOLOGIST !
PEOPLE DO NOT SUCCUMB ANYMORE FROM THE 
PRIMARY TUMOR RATHER FROM THE 
MESTASTASES !

VARIOUS CTCs CLUSTERS MAY ORIGINATE FROM ALL THE DIFFERENT PARTS OF THE PRIMARY TUMOR !!



Intra solid tumor heterogeneity :  distinct diseases

Cadcyla



PHC_ tumour heterogeneity

biopsies

eg liquid 

mutant
RTKi sensitive



PHC_ tumour heterogeneity_evasive cancer drug resistance

(by FDA)
AZD9291 active on EGFR 
mutants



Session 8  

How our thoughts can impact on your
body : psychosomatic symptoms



Today’s QUIZ
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