1,000,000,000 CHF investment
7,000,874 hours of work

6,587 experiments

423 researchers

1 medicine

»
THE MAKING OF

and Prof Olivier Michielin

AN INNOVATIVE MEDICINE

Introductory workshops on translational biomedical research and drug discovery
and development

Bl0-698 resumes Thursday September 21. 2023
4:15 PM @ AAC 108
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Prof Roger G. Clerc



The Making Of An Innovative Medicine — course schedule ‘f..

Thursday‘s @ 4-6 PM except 14.12/21.12.23 @2-6 PM

Session 1: Scope of the course _ general organization _ case study

21.09.23 Embracing a career at the heart of biomedical research !?
AAC108
Session 2: Historical perspective: the modern pharmacy

28.09.23 Advent of modern medicines - placebo controlled drug development
AAC108

Session 3: Introduction to translational research: crossing the bridge

05.10.23 A chasm has opened wide between biomedical research and patients in need
AACO14

Session 4: Therapeutic target identification | & II
12-19.10.23 “me too” vs a wealth of innovative targets _ small MW cpds vs biologicals

ANOLE AACI08  Early front loading of biomarker identification for cohort stratification

Session 5: Structure based drug design _medicinal chemistry_low/high throughtput

26.10.23 screening assays_ multiple parallel parameters optimization MDO
AAC108 Setting up screening assays, the robotics, the million cpds librairies

Session 6: Therapeutic modalities peptides and biologicals: today’s -

02.11.23 tomorrow’s pharmacy NBEs
AACL08 Challengies (cost of goods - healthcare payers) and opportunities



The Making Of An Innovative Medicine - course schedule ,:.

Thursday‘s @ 4-6 PM except 14.12/21.12.23 @2-6 PM

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

AAC108
Session 3.

16.11.23 Interindividual variability toxicity in response to medicines
AACO14

Session 9:  In vivo pharmacology, investigative toxicology with br Nathalie Brandenberg PhD
23.11.23  Preclinical research ends up with IDB’s, FDA guidelines for FIH

AAC108
Session 10: Clinical research_ phase 0, phase |, Il, lll, IV

30.11.23  The long and complex experimental procedures with human patients
AAC108

Session 11: Intellectual property_ integrity in research_my genome vs our genomes

07.12.23 Why are patents essential to new medicine/biotech development
AAC108

Session 12: Health Hackathon — Hacking medicine | with br Greg Michielin MD PhD
14.12.23 Pitches —building teams — hacking problem - 5Ws — brainstorm

starts @ 2PM ! MED21522

Session 13: Health Hackathon - Hacking medicine Il with Prof 0. Michielin MD - Prof SM Gasser PhD judges

21.12.23 Building up solutions — make it better - final presentations
starts @ 2PM ! AAC231



WORKSHOP LISTING - THE MAKING OF AN INNOVATIVE MEDICINE BI0658

! NON EXHAUSTIVE USTING - SUGGESTIONS WELCOME |

sesshons no workshops speaker/s
ﬂMlMl
historical medicines 1 |vaccine discovery : E. Jenner and smallpox Danica M
with Nobel laureates while 2 |peniclin: impact, whose invention ?
hopping on giant shoulders 3 | prozac at the core of psychiatry
4 | lipitor/statins at kast a blockbuster
S lartemisinin and malaria Umair
6 | cydosporin from soll sample to blockbuster |Umair
503 (5-10-23) | AACD14 |
translational research 7 |expanding the scope of targeted therapies
30 emergig feld 8 lchranotherapy s
504 (12-10-23) | AACD14 |
identificationl 9 | rare diseases repurposing medicines Adrien
% 10 | nocosomial inf/MRSA/phage antibacterials  |Georges
therapeutic target 11 | Crispr/Cas9 gene editing huntington disease | Pitt
12 [Al in drug discovery Simon
S05 1 AAC108 |
structure based drug design 13 ' macrocycles and non druggable targets Masota
14 | chemoproteomics - NMEs Nico G
fmyy therapeutic target Roger
S06 (02-11-23) | AAC108 |
therapeutic modalities - NBEs | 15 | therapeutic peptides/increting Tim
16 | biclogicals on the rise MABs medicines Nico G
16 | RNA therapeutics, antisense medicines
S07 (9-11-23) | AAC108 |
PHC personalized healthcare | 17 BRCAI preventive surgery/tumor board Nikita
Human genomics 18 SOPHIA Genetics - GWAS
19 dhauccnlﬂh!hhnnﬂwnvmimoINAs Isika
$08 (16-11-23) | AACO14 |
pharmacogenetic 20 | NextGenSequencing - precision medicine Hien
21 | deCODE Inc pharmgenomic/iceland genealogy
$09 (23-11-23) | AAC108 |
In vivo pharmacology 22 | organolds come of age Nathalie 8
lowkology 23 | thalidomide repurposing Ekaterina
1 AAC108 |
chinical research 24 | Al medicine 2.0 Simon
25 | most commaon penetic defect : cystic fibrosis
26 | sex bias in prediicnial and dinical research Weilin
27 | placebo/nocibo effects Tim
$11(07-12-23) | AAC108 |
intellectual property/integrity | 28 | SMA gene therapy - pay for performance Abtin
29 | biopatents - 23 and Me - my genome khosiyat
512 starts @ 2PM Hacking medicine all  invitees
1 MED21522!1
M!ﬂ Hacking medicine all + invitees

Workshops _ The Making Of

An Innovative Medicine
(today’s class)

Health
HaCkathon

&21.12.203 [




Session 7 - PHC - 4P medicine ‘
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Personalized Healthcare (PHC) : a paradigm change ﬂ
into the future of medicine 2.0

| eniticn
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« 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



Personalized Healthcare (PHC) : a paradigm change ‘

« GENOMIC SCIENCES AND THE 4P MEDICINE OF TOMORROW
« BEYOND THE HUMAN GENOME PROJECT - Al 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...

Annals of

human genetics

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

HMGAZ2 Is Confirmed To Be Associated with Human Adult
Height

Tie-Lin Yang'?, Yan Guo'?, Li-Shu Zhang?, Qing Tian?, Han Yan', Yan-Fang Guo'

and Hong-Wen Deng'?3*

'Key Laboratory of Biomedical Information Engincering of Ministry of Education, and Institute of Moleaular Genetics,
School of Life Science and Technology, Xi'an fuastong University, Xi'an 710049, P R. China

2 School of Medicine, Univessity of Missoeri — Kansas City, Kansas Ciry, MO 64108, USA

*Center of System Biomedical Saiences, Shanghai University of Saence and Techmology, Shanghai 200093, P R, China

Summary

Recent genome-wide asocaation studhes have identifiedg®novel polymorphism, rs10427



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

i aEL ks

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
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Personalized Healthcare (PHC) a paradigm change :—_.
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» 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 | want to know ? Do | 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 ?



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

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

TODAY YOU GET AN EXONIC HUMAN GENOME
SEQUENCE IN ONE DAY FOR LESS THAN USS 1000 .-- !

Natonal Human Genome
Research Insoe ste
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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

Patients \ ‘ Non-patients

——
| /’{ 74 b —y
7= Sz
Patient DNA Non-patient DNA
Compare
$ differences
233 5 to discover 3 s
SNPs associated %

with diseases




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 ?

Next Gen Sequencing [NGS]

e
»

+ History of DNA Sequencing N5,

: A\ ek
— Maxam-Gilbert AN
L2 B%
— Sanger ? 3 (?H 3‘3‘%,
- ABI Human Genome: 1990-2000 TR ?7_6
. 5{ g “ WA o
* NGS Technologies: =8 1\

— 454, lllumina, PacBio, ABI, Helicos,
— lon Torrent, Nanopores S
» Applications:

— Genomes, RNASeq, ChIPSeq, CGH, CancerGenome
, Environmental




Liquid biopsies_Next Generation Sequencing NGS ‘

crcscom . 1[' - .

w ;

UquidBiopsy WorkflowCTC
Ennchment & ciDNA isolabon

NGS: REVOLUTION IN
PERSONALIZED HEALTHCARE

Multiplex NGS panels

KingFisher™ Duo Prime™

cfDNA P
Digital PCR System
Highly sersitve detechon
Few genes & vanants




Predicting treatment responses using generative modelling i

Problem
measuring a cell requires destroying it:
drug ~» cannot measure same cell before and after treatment
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PHC - front loading biomarker discovery

Macroscopy Histology Molecular analyses

Molecular biomarkers

Morphological Histological biomarkers
alterations : '

{3

Cancer cells | DNA/RNA

NGS - REVOLUTION

Al - ML POWERED IMAGING ALGORITHMS Al — 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

Lpresann w wgmfcanth Resdhy guamifuble o
mriwal ogecndhy n e accowdle dudoycal Mud
S drvaw (ontdaen of oy wnpley
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Personalized Healthcare _ front loading biomarker discovery

“Any substance, structure or process that can be
measured in the body or its product and influence
or predict the incidence of outcome or disease.” wo emstons programme on chemicalsfety 201

Sick

Test + A= True
positive

Test- C= False
negative
Sensitivity =
A/(A+C)

->Disease enabling biomarkers = more complex! We have to
take into account the prevalence of the disease, the pre-test
probability, compute the post-test probability....

Non-sick

B= False
positive

D= True
negative
Specificity =
D/(B+D)

PPV=A/(A+B)

NPV=D/(C+D)

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

CURRENT MEASURES.
[miﬂf-bl Readdy garmifubie o
worewal ogecsdly n fw accowidle budogical Mud
WS e (onddam o Jeay wnple
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TABLE 1 | Circudating microRNAs a potential biomarkers in human cancers

Cancer type

MO Cancer

Lung cancer

Prostate

Pancreatc

Hepatocelulr carcinoma

Gastric Cancer

Ovarian cancer

Circulating miRs in diagnostics

miR-21
iR- 150, MiR-342
miR- 155

milR- 25, miR-222

milR- 1254, miR-574-50

miR- 155 miR- 167, miR- 182
i 375. miR- 14

MR107, mR.574.3P
miR-205 miR-214

Index | |4 miENAS) and Iindax |
(10 miRNAs)

miR16, miR- 1960

M- 150, mR-1300, ana mil- 10

miR-625,. miR-618, miR-532, miR-650,
miR-516-%
- 28, miR-82, m-801. mR- T80

mii-31. MR- 1810, miR-02, miR-2X0
and miR-21, et-Tg

erilR-200¢

miRk-18a

miR- 122, miR- 1692
miR-205, miR-let- T

Source

miR-21, <126, -210, 486-5p,
let-7f, -30e-3p, -155,

-197, -182 LUNG

INCREASE
DECREASE

let-7b, let-7q, 18b, -148b)
-409-3p,-801,-10b,-373,
miR-205,-19a,-19b,-30a, -127-3p, -376a, -652, -484
-20a INCREASE

BREAST

DECREASE

miR-221
PROSTATE ""e"s¢

DECREASE
miR-30a

CANCER

L N “"." BADND AN Wy "" QAT RASY T BT ] f
» Gew e 0 Farug. 2015 Frontiers
Deforontial Diagnosss of dstar

comein ovran o 1IN Medicine Vol 2 Art 51



Biomarker: plasma circulating microRNAs signatures as biomarkers

Cell Reports

Platinum and PARP Inhibitor Resistance Due to

Overexpression of MicroRNA-622 in BRCA171-Mutant
Ovarian Cancer

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

Senutive to PARP whton
and platinum-based therapy

SRCAL-
defcont

Restored MR
Resistance to PARP
ehbon and platinum

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



Disease enabling biomarker_driving innovation in PHC:

from am examplary clinical practice of PHC

october

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

CANCER DIAGNOSTIC
REMAINS A MAJOR
CHALLENGE |



The first PHC guantum leap with breast cancer B )

Mammography EARLY DETECTION — BETTER 5Y POST DIAGNOSIS SURVIVAL

O »kﬁ_—" — J
\Q7 Y o 90% breast cancer are

o hormonal dependent
(tamoxifen responsive)

"

| ~10% breast cancers
| | test HER2 positive !

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

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



Disease enabling biomarker_breast cancer prevention -

examplary clinical practice of PHC

Le cancer du sein en chiffres

Durant le mois d’octobre, Faccent est mis sur la prévention de ce cancer typiquement féminin.
En Suisse, douze femmes sur cent développent une tumeur dans la poitrine au cours de
leur vie. Heureusement, une détection précoce leur sauve la vie dans la majorité des cas.

6239

femmes développent

€n moyenne un cancer
du sein chaque année

en Suisse. Leur ige
moyen est de 64 ans.

i

cancer prevention — appropriate
breast palpation
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¥ UNE FOIS PAR MOIS,
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DE CHANGEMENTS POSSIBLES
AU NIVEAU DES MAMELONS.

1369

femmes en Suisse meurent en
moyenne chaque année d'un cancer
dusein. Leur 4ge moyen de déces
estde75ans.

Texte: Martina Frei

En Suisse, sur 100 femmes, 12 développent un
cancer du sein au cours de leur vie. 'age joue
unrdle: le risque augmente a partir de 45 ans.
Etentre leur 50¢ et leur 60¢ anniversaire,
25 femmes sur 1000 en sont atteintes. Chez
les 60-70 ans, ce chiffre grimpe méme 436 sur
1000 et chez les 70-80 ans, il est encore de 34.

33%

Une bonne hygiéne
de vie permet d’éviter
environ un cancer
dusein sur trois aprés
laménopause. Les
facteurs importants
sont les suivants:
# Pexercice physique
# une alimentation
équilibrée
# un poids corporel sain
® pas de fumée
# Une consommation
d'alcool limitée
¥ sipossible, pas de
traitement hormonal
de substitution.

2

Deewix gtoen
wyelés BRCAL
ou BRCA2
peuvent étre
respocoabios de
cancort du sin
6.3 10 cancors dw
sain war 100 sont
hérdditalres.

18%

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

de tous les décés 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 colon arrivant en
troisiéme position.

CANCER DIAGNOSTIC
REMAINS A MAJOR
CHALLENGE |

6239 new breast onco
patient each yearin

Switzerland

1369 terminal patient



PHC : breast cancer B

Targeted Cancer Therapy — Breast Cancer




Breast cancer subtypes — immuno-histo- ‘

morphological classification — impact of scRNAseq

Mucroaray-Based Breast Lumenad A Basa
«W', " —
Normyd Breast-ake
Immunohestoc hermscal ER+ ancor PR, ER+ andior PR ER- PR ER- PR- MER2-,
Profile bER2 HEFR2+ HERD. Cx5%+ andior HERT +

Gene Expresson
Fold Derence Relative 10 Medan Level of Expression Across Al Samples)

LY 4 25 2 T4 10 14 2 28 4 s

L ower Vess Hgher

TNBC : triple negative breast cancer all breast cancer biomarkers negative ER- PR- HER2-

(frequent among BRCA1 patients) . - '
Carey LA, Perou CM, Livasy CA, et al. Race, Breast Cancer Subtypes, and Survival in the Caroling Breast

Cancer Study. JAMA. 2006;295(21):2492-2502

Courtesy of Luisa Spisak



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

The New England
Journal of Medicine

Coprright € 2002 by the Massachuwetts Medical Soc ety

VOLUME 22 Decusmurr 19, 2002 NUMBER 25

&

A GENE-EXPRESSION SIGNATURE AS A PREDICTOR OF SURVIVAL
IN BREAST CANCER

Manc J. van D€ VIWER, MD.. P D Yuoone D He Pe.D., Lausa J van TVEER Pu D Honcyue D, P D
AUGUsSTVUS A M. Hant M.SC., Doren W. Voskue, PHD. GIorce J. SOwesir, M.SC., Josannes L PETerse. M D,
Corts Roeenrs. Pu.D., Marnaew J. Manton. Pu.D., Marx Parmisu, Douwe Arsma Ance WiTTeveen
Asesxa Guas, P D, Leone Detasave, Tony vaN DER VELDE, HARRY BarteLmne, MD., Pn D
S)06rRD RooenHus MD.  PHD. EmeL T Runcers MD. PH.D., Sterxen H Freno, M D, PR D,

AND RENE BernaRDS, PH.D

http://www.agendia.com/



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

Gene Expression “Signature” as a Predictor of

. Survival .
Adviser for treatment modalities
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PHC_ the first guantum leap with breast.:.
cancer

Wednesday, Sep 2, 1998

FDA Advisory Committee Recommends Approval of
First Monoclonal Antibody for Metastatic Breast Cancer

New Biologic Approach May Help Women with HER2 Protein
Overexpression Assoes <yare —_—

South San @ancisco, Calif. -- September 2, 1998 --

Genentech, Inc. (NYST™
(Trastuzumab), a humanized monoclonal antibody, was

recommended unanimously (11 to 0) for approval as a single agent in

Herceptin (anti-HER2) receives FDA approval for metastatic breast cancer

Work in the 1980s demonstrated
that the growth factor HER2 is
often amplified in breast cancer,
which suggested that it might be
suitable for targeting with
monocional antibodies.
Subsequently, Michael Shepard,
Dennis Slamon and colleagues
initiated work that ultimately
resulted in the humanized
monocional antibody trastuzumab
(Herceptin), which blocks HER2.
Herceptin receives approval from
the US Food 2

iIStration in 1998, and I
able fraction of HER2-positive

Trastuzumab .
HERCEPTIN' -
. =

The great story of HER2

of relapse, extends survival and
potentiates the efficacy of chemo-

351 and immunotherapy.

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



PHC_ the first guantum leap with breas“
cancer

Genentech

IN BUSINESS FOR LIFE

UCLA Research & Creative Activities

Send o ~

Scwron 1RET Jen 22054

Ful tex! ks

ma

SCence v
r. correlation of relapse and survival with amplification of the HER-2/neu
oncogens. 7 =
Saron D), Clars OM. Worg 50, Lavin WL LBk A Vel W1 e
Add o Favortes -
Abatract
The HER- 2ty ONCO0ene & & Mermder of T orbB-Ake ONCo0ene Tamily, 85 i relted 10, Dul SNt rom, e edermal Srowth acier
scopior. This gene has Deen shown 1© Do ampified in human Dreas! cancer Coll bnes. In Bhe cument siudy, allerstions of the gene n 188 Shwiier articies ~
PAmary human Dreast cancers were Nvestigated. MER-2'new was ound 10 be ampifed rom 2- 1o greater than 2040k In J0% of the R L N
umors. Comelaton of gene ampificaton wih severdl 0Soase DAMelerns wirs evaluatod. Ampiication of he HER-2ineu gone was 2 r"f_,‘,':,-i‘:.: \: 1 "*M“f“m "
SOMICAM praccitr of DOM Sveral SNV NS B0 10 a0 I Datents milh Draas! CANCH. It retiened i SONTCASCE oven when
acatments were made for oher known progrostic factors. Morsover, MER-2new ampification had greater prognostic value Pan most The assoator of HER. Zrev ampiliceton win

DATONDY USOS DI
may iy & role n

Publication typed

JCANCER RESEARCM A8, 1201240 Maseh 1, 198

Correlation of c-erbB-2 Gene Amplification and Protein Expression in Human
Breast Carcinoma with Nodal Status and Nuclear Grading

Mark S. Berger,” Gottfried W. Locher, Susanne Saurer, William J. Gullick, Michael D. Waterfield, Bernd Groner,
and Nancy E. Hynes’
Ladiwig Inmsvivuse foo Camcer Reseoarch, Inselspival, 1010 Bern, Switseviond (5. 5 8B G N E N [ Ladwig Instivate for Cancer Resoarch, Middiesex Nospival/ Usiversicy

I
College Branch, V] Riding Howse Sevees, London WP BBT, England [M. 5. B. M. D. W ] Usiversicy Women's Hospival, Schansenechatrasse I, 3012 Bern, Switseviand
JG. W L) and Insivnse of Cancer Resvarch, Chasser Bocnty Labovarevies, Fulham Road. Lowdon SW3 &JB. Englend [W. ). G J



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

Al at work : higher performance than histopathology ! @ ~10-15% breast cancers
h d . 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

Mammography

Her2 Scoring

A healthy cell may hold as many as 20,000 HER2 proteins whereas a highly
overexpressing cell as much as 2 <10° receptors, hence HER2 grading scores.

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

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



PHC_ Two decades of HER2 targeting:
he unfinished revolution in breast cancer
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PHC_ the evolution of the HER2 pie chart :
from selecting responders to excluding few non-responders

HER2-0 HER2-low

HER2
negative

HER2-low

HER2 - human epic’



PHC_ HER2 biomarker_pioneer driver of personalized oncology

Human Eplasrmal Growtn Factor (HERZ) Testing 100 14 scores = breast cancer !

MERE W Pan AR NITE rYeTE i 2. 10 8 a0t vt

e vEipce of eari! O TRA ! LT g The VeI of Camn ot

Pour I'HC, on note les résultats sur une échelle de 0 a 3+.
T et of MER D @ g L b g Sl phan g Wad w— oy S

Whew in SMERD tesling GoneT

Signification

Ve tave Loes rae’y S Famee el Vour o~ "o
dpgraers w™ T . Tt by ena sovsev ta M hav pay
Lmad Coow Lot oV e Beshiment =t e Pl

0oul+ Le taux de HER2 est normal.

Mew b HERT teating dene? )
La tumeur est HER2 négative.

. —— . N by W v et by e stion § e
TR As e T wed s W MURT o0 A Daate 44 100 COpue M e AERY

o Ve SoRee of Bu domer whs 000 Wt eun eonas? 408 2+ La HER2 est |égérement surexprimée.

MERZ test reserts can be On fera une FISH pour confirmer le statut HER2.

St ey wrawTY ) 3*
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e oWt A gy ea— PR on e e | apwe & T e SR SRL e
o e AL yww @ b Ty B . e b - Snthy Gho aumtas o agm=
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e s La tumeur est HER2 positive.

.l NN Em— -

Le taux de HER2 est plus élevé que |la normale.

L R . e
bamn BWe v aATews o
. T ee w W Sy e

Les résultats de la FISH sont classés négatifs ou positifs.

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



PHC_ a supervised learning algorithm for HER2 assessment -

HER2DX* is a tool incorporating tumor size, nodal staging, and 4
gene expression signatures tracking immune infiltration, tumor
cell proliferation, luminal differentiation, and the expression of
the HER2 amplicon into a single score.

The score was shown in retrospective analyses to be strongly
prognostic both in the early and advanced setting (T-DM1)

HER2DX 27-gene test

HER2DX risk score HER2DX pCR likelihood score

e MGG IrmareGG
HERZ ampbcon - ——— HERZ ampicon
! Lumna o ! Lumnad .:> PCR
Prodte atcn - Proter anon
4 Tumour siage :: > Tumow stage ‘:‘ > mon-pCR
Noda stage op Y. S Noda stage
Blue=good outcome w-zgl
Hedmpoor outcome Heowlow

*It is the policy of Medscape Education 10 avoid the mention of brand names or SPeciic manufacturers in accredited educational
activities, however, proprietary names related to diagnostic algorthms are provided In this activity in an effort to promote clanty for
the learmer

Prat A, et al. EBioMedicine. 2022,75:103801



and Perjeta

NB :Katrin S. is not a
simulated patient !

Pionee

Breast cancer
700,000 newl
1 women ove

2/3 of ;
1/3 of i

2 and USA -- 200,000 death cases
cer during her lifetime

ut 7 years

MER2 mANA” B HER2 Gene

Katrin S. enrolm
(1) Biopsy: + =2



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 at her 55th birthday...

on January 12, 2006, almost 10
years later




PHC_ very low - low HER2+ patients

ADC trastuzumab deruxtecan (T-DXd) -
Antibody Cleavable linker
* New formats (eg. antibody » Several chemistries

fragments) * Tumor-specific triggers
* Half-life extension
 CDR-masking technologies
 Enhanced drug delivery 0 0 Novel Payloads
DAR & * Match right payload MOA for
0 right target/patient population

* Higher drug-to-antibody ratios

Alternative warheads, eg.
targeted agents in both tumeor
and tumor microenvironment

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



PHC_ very low - low HER2+ patients

1. 0Xd binds
W NIRZ

intemalization of T-DXd leads to release of the DXd
payload and subsequent cell death in the target tumor
cell and neighboring tumor cells through the
bystander effect

ASNE o peranet o Vel L = JOR O NE N T COCPYND a0

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



PHC_ very low - low HER2+ patients

Today It Is Clinically Essential to Report HER2 IHC Results*
IHC FISH

0 —

No available HER2-targeted
therapy
1+
- Not-amplified Eligible for HER2-targeted
therapy'
2+ |
Amplified
3+ Eligible for HER2targeted
pvitoed deseine FOSenty. Ondy T OS5 approved Ry advanond MERDOw B and Dy Lrdled Sates FOOd and Drug Adesinslialion, Ondy thefapy

A TN AR APer i (ARCEAT TeTyWg

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

A tnspecific antibody targeting HER2 and T cells (CD3xCD28) stimulates regression of
HER2-positive and HER2-low breast cancers in a humanized mouse model through a
CD4-dependent mechanism

A

Tumour volsre aVer
nplarnation of HCC 1954 )

o
4
1

Sewrg £ et ol Nature 2022000070001 328334

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

A trispecific antibody targeting HER2 and T cells (CD3xCD28) stimulates regression of

itive and HER2-low breast cancers in a humanized mouse model through a

* ADCs are modular compounds. Modifying each component (mAD, linker, payload) may enable us to unlock
new therapeutic advancements, with several innovative ADCs already in early-phase development

* In addition, bispecific/trispecific antibodies, vaccines and cell therapies may enrich the arsenal of anti-HER2
treatment strategies for breast cancer

* An enlarging pipeline of new drugs offers the opportunity to tallor treatments. Adequate tailoring will need
validation of promising biomarkers, such as HER2DX and ctDNA

* Drugs and biomarkers will need to be evaluated in adequate clinical trials. aimed at identifying the optimal
treatment intensity required for each patient, based on the anatomic and biologic risk of each tumor

* An improved understanding of HER2 expression in the low range may allow to extend the benefit of targeting
HER2 to a much wider population of patients.

Sewrg E. et Nature 2022.000(70004 328334

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



Hormonal dependent breast homeostasis : ‘
underlying molecular action of of estradiol

0 Estradiol Dimerization
1 1

4

Coactivator 2 RNA Polymerase ||

Transcription

Coactivator 1

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



Molecular Action of Tamoxifen (SERM)

90% breast carcinoma hormonal dependent .

RNA Polymerase ||

v

" T . Transcription
\ AF17 oy

>
>

Estrogen
Receptor

Tamoxifen Dimerization

Coactivator 1

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



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

Molecular Action of Tamoxifen (SERM) as a prodrug

0 2 4 6 8 10 12
Years after randomization

Goetz ot 8. 2008, Cin Pharm Ther 83160




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

£
?
=
cYP3Aus .
g
2 F=0.009
x
° L - L La - L
0 2 4 e 8 19 12

Years after randomization



Personalized therapy : responders vs non responders N

T.

Test Systems

“FDA Clears Test for
Patient DNA to Screen for
Drug Effectiveness”

Wall Street Journal, January 11, 2005

* Chip measures alleles of CYP2C19 and CYP2Dé
* Tool to reduce over- and under-dosing
* Estimated 20% reduction in adverse events




Personalized therapy : check BBB transporter status
of patient

Neuron 57, 203-209, January 24, 2008 ©2008 Elsevier Inc.

Neuron

'pﬁm" No. 3105
PROZAC

Polymorphisms in the Drug Transporter | 2ms
Gene ABCBT1 Predict Antidepressant
Treatment Response in Depression

Manfred Unhr,'* Alina Tontsch,' Christian Namendort,' Stephan Ripke,' Susanne Lucae,' Marcus Ising,' Tatjana Dose,’
Martin Ebinger,' Marcus Rosenhagen,' Martin Kohll,' Stefan Kioiber,' Daria Salyakina,' The Brof Dr mad. Tom Bschor
Michael Specht,’ Benno Pitz,' Elisabeth B. Binder,' Bertram Miller-Myhsok,' and Florian Mo K :

"Max Planck institute of Psychiatry, Kraspelnstr. 10, 80804 Murnich, Germany .
'‘Comespondence: uhr@mpipsysl. mpg de

DO 1010164 newron. 2007.11.007

Antidepressiva
* Tool to reduce over- and under-dosing " S
le man sie richtig

» Estimated 20% reduction in adverse events anwendet und wer sie

nicht nehmen sollte

Vom Mitautor der

Behandlungsleitlinie

fir Depressionen



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

Biomarker discovery : BRCA1 discovered in 1994 - DNA repair tumor
supressor gene- today a biomarker of breast, endometrium, ovary
and prostate cancer (65% cumulative risk) !

{;% CANCER
AR
,5 UK Let's beat cancer sooner

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

: - William Halsted (1890s): pioneer in radical mastectomy
Castraton resistant radical protatectomy



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

LOS ANGELES — "9 choosed to have a preventive double mastectomy. 4 simple
Uood test thad nevealed that I carnied a mutation in the BR( A gene (encade frotecn

cuvolued in DA nepacr). 7 lost my mother, grandmother and awnt to cancer.
7 wanted other women at nésk to buow about the options. 7 promised to follow af with
including the nemoval of my cvarice aud fallopian tubes * Hlngelina Yolie

Towards a trend of salpingo-oophorectomy — mastectomy ?

A small percentage of people (about
one in 400, or 0.25% of the
population) carry mutated BRCA1 or
BRCA2 genes with THE

significant cumulative risk of ANGEL' NA
ovarian, breast, pancreas, uterine, EFFECT
prostate cancers incidence s m




PHC - BRCA1 - preventive areola/nipple sparing mastectomy ’

DO1 10 ;245’\1(’-334-0"'- 13659 Sl .' R('; I(q;\[ . ()N(—()l (X;\'

ORIGINAL ARTICLE -~ BREAST ONCOLOGY

Areola and Nipple-Areola-Sparing Mastectomy for Breast Cancer
Treatment and Risk Reduction: Report of an Initial Experience
in a Community Hospital Setting

Jay K. Harness, MD, FACS', Thomas S. Vetter, MD?, and Arthur H. Salibian, MD'

'St. Joseph Hospital, The Center for Cancer Treatment and Prevention, Orange, CA; *Aesthetic an
Institute, University of California, Irvine, Orange, CA

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

Pre-op Bilateral NAS Mastectomies

NSM - a safe option for
most women with

THE

ANGELINA preventive or early breast

EFFECT

cancer diagnosis

Paost-an Rilateral NAS Mastectomies



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

| Box 1 | BRCA mutations in women with breast and ovarian cancer

Studies indicate that it is worthwhile to screen all patients with invasive ovarian cancer or
certain types of breast cancer, as more than 10% of tests will identify a BRCAI or BRCA2
mutation (see table below).

Group Proportion with BRCA mutations
Women with invasive ovarian cancer (all ages) 12%
Jewish women with breast cancer (all ages) 11%
Families with two or more cases of breast 12%

cancer in women under 50 years of age

a BRCA1 aa 200-300 aa 1,646-1,859 “When matated W
NLS NLS 8a 452-1,079  aa 1,280-1,524 BRCT do:':a'on:a cueidence 0& matational rate.

@ UO @M> GD R 7t gave me an estimated §7

A1 (=) [BiC] [Racsi] [Arm RNA polymerase i | pencent ik of breadt cancer

B olswee] el G and a 50 pencent ick of

[mve] [zeAki) ' HDAC1/HDAC2| ovanian cancer”  ugelina ﬂo&e
&

b BRCA2 BRC repeats NLS

80-300 aa spacing (variable)

[LHFLEL AR i

osst |
Figure 1 | BRCA1 and BRCA2 functional domains, and selected binding partners. Narod S and Foulkes W. 2004. Nature Reviews Cancer 4: 666-676

3,418 aa




PHC — familial heritable negative BRCA1/2 breast cancers — more GWAS 9

BRCA1/2-negative, high-risk breast
cancers (BRCAX) for Asian women:

.genetic susceptibility loci and their
potential impacts

CCOCI Po-#an

' | ’l ' rate. ¢ gave me an
edstimated 57 percent
and a 50 pencent nisk
Figure 1. Manhattan plot. The red horizontal line represents the genome-wide significance threshold /4(496&% ﬂo&e
of p-value = 5.0 x 10 ® and the blue horizontal line represents the suggestive significance threshold of p-

value = 1.0 x 10, For significantly associated regions, SNPs with p-value less than 10 are highlighted in
green and the replicated genes are marked in bold.

Lee JY et al. 2018 Nature Reports 8:15263



PHC reaches Hollywood and the LA community

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

THE

ANGELINA

a debate on disease predisposition biomarkers ! EFFECT

AT BSGER & AT P

BIG DATA INFORM PATIENTS eg. ON PREDISPOSITION TO GET AZ, Ml, 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 ?



Pharmacogenomics — Ml phase 3 clinical trial on GWAS stratification :
first personalized cardio metabolism clinical trial

nalc r Treatment Effect by ADCY9 Genotypes
— in dal-OUTCOMES

rs1967309 GG AG AA
e | ™ OACETANS \ m w— VL CE THRAMS g s — DALCETRAMS e
m VS Natondd Libwary of Nedhtine
e - - . Find Snudes = Aot Wades - S Lwvet ke © Resonsrces « Aboust Sing «
ClinicalTrials.gov
[ T MmN N M aw ' “‘“NM
-
EMect of Dalcetrapid vs Placebo on CV Risk in a Genetically Defined Population With a Recent ACS (cal-Gentl)
Cinica™an gov bertifier: NCTORA29909
Tre safety and scentiic valaty of T sy B T reporabiity of e wudy
A ROMcr and imveatigatons. Listing a stucly Soes not maan & has been svallated 'hmnr-!;na. *‘:';':'M
wt Possea w 4
'
by e U S Nederal Government. Nead our daciamer for detals. - ° 15,2040
(4]
R FOEp—— —— g PP — p— n— p— - .
Placebo mos N7 9!6 850 69‘ m 124 14!7 1326 1284 123 1009 S77 W2 476 459 438 424 353 08 S5

Events: Composite of CHD death, resuscitated cardiac arrest, non-fatal myocardial infarction, unstable angina with
objective evidence of ischemia, atherothrombotic stroke and unanticipated coronary revascularization

igure. Kaplan-Meler curves of accumulating cardiovascular events in the daicetrap and placebo arms broken down according to the
anotypes at rs1967309 in the ADCY?S (adenylate cyclase type 9) gene. CHD indicates coronary heart disease.



GWAS - cadiomyocyte transporter OCTN2 and statin myopathies .

Myopathies associated with statins (HMGCoA inhibitors)

« 85 patients with myopathy and 90
controls (SEARCH Trial)

+ All treated with 80 mg/d simvastatin

+ Genome-wide association study for C: mutation in OCTN2

T. wild
genetic risk factors for myopathy menee

» SNP rs4149056 is a good predictor
for myopathy

* SNP rs4149056 is in the vicinity of
OATP1B1, which carries statins into o 1 2 [ T T

Years since Starting 30 my of Sevwastatin
hepatocytes

Cumulative Percentage of Patients Who Mave Had 3 Mpopathy
=

N Engl J Med 2008,359:789-99



Disease biomarker_driving innovation in oncology:
examplary clinical practice of PHC ‘
THE MOST COMMON CLRCERS

L
e
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CANCER AT ey e

DIAGNOSTIC: WHAT IS R e cancer prevention — appropriate testicular
' L palpation (most frequent age 14-45 y old)

THE STAGE OF THE ==

CANCER DIAGNOSTIC )

REMAINS A MAJOR -

CHALLENGE ! —

(no biomarker yet for

A testicular carcinome !)
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PHC — hormonal prostate cancer - biomarker PSA B

PSA : Prostate Specific Antigen




PHC_ biomarker PSA at use in cancer screening B

The PSA Test
1l S aime 100 | W Twoot | @ Pariager EECERERNAN = YN

What is Prostate Specific Antigen (PSA)7

Prostate Specific Antigen (PSA) is a protein produced within the
prostate gland and is secreted into seminal fiukd

There are two types of PSA:

1. Free PSA: moves freely in the bicod as it is unbound 1o
other proteins

2. Complex PSA: attached to other proteins as it moves around
the blood

Free PSA comes from benign prostatic hyperplasia (BPH), an
enlargement of the prostate. The higher the amount of free PSA, the
less likely prostate cancer will be found as prostate cancer cells
produce more complax PSA

What is the PSA test?

Absorption imo the bloodstream

The PSA test is a simpie biood test, taken from the arm, which
measures the amount of PSA protein in the blood. It is common for

PSA 10 be found in the bicod in very small concentrations. Higher

levels of PSA may indicate the presence of cancer, but can also be

an INGCat0r of other prostate CONGItoNS. @ FreePsA

B ACT bound SA
. MG bound PSA

Prostate Cancer Canada gracously acknowledges the
Princess Marparet Cancer Centre for sharing this image

with us.

What are the benefits and limitations of the PSA test?

[Benefis Limitations

May indicate the presence of cancer in its

loartest stages May lead 10 unnecassary Wsts and treatment.

Simple blood test (not harmfiul). ICannot distinguish between siow growing and advanced cancer.
Currently only test we have as red flag 10 The PSA test cannot diagnose prostate cancer but can tel you if there's a
indicate follow-up problem with the prostate

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 !

PSA =Kalikrein 3

serine protease,
semen liquefaction,
skin desquamation etc

(7 = »
N L e
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) (videor:.

f‘ j F nucleus

® 2012 Nucleus Medical Media. All Rights Réscr‘ved. '




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

SAMPLE USE ONLY

nucleus

2 2008 Nucleus Medical Art. All Rights Rosorved.




Prostate cancer : resistance and PSA controled hormonal chemotherapy Q

Metastatic prostate Cancer

Hormon-Targets: Steroidhormonbiosynthesis | approximately

15% to 25% of
NEW ENGLAND « NEW ENGLAND patients with
JOURNAL o MEDICINE JOURNAL o MEDICINE CRPC do not
T respond to first-
Increased Survival with Enzalutamide in Prostase Cancer Abiraterone and Increased Survival in Metataeic Mrostate Cancer .
after ¢ h(:nuthcr,lyr. Ilne treatment
with either
abiraterone or
Overal Swrvwal .
This was the S enzalutamide,
first discovery g . \ meaning that
that showed 1 Z o \ — their prostate-
that cancer can 3 ; ol —— specific antigen
be controlled . L | (PSA) values do
by hormonal
chemicals o SE SR S B » 3 not decrease or
Weate Uecahe their tumours do
Ne. at Bsb - . " :.f,.ft,,.,. " ) " Voo . “ : 3
bte e B W M w u B 3 — e s % m m B 1 & not regress.

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

Chanes Brenton Hugpns

Seplember 22 1901
wlan N



Circulating Tumor Cells - CTCs i

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 !

Clrculating Tumor Cells (CTCs) ‘ Owne in 2 Billica blood cells is a CTC:
Huge technical challenge

Frimary tamor

mtravasation




Liquid biopsies_ into the future of personalized medicine ! g

MIT 1B(r)eakthrough
Technology Technologies
. 2015

Review e
Nagec Leap
Nano- Mrchitective
Car-10-Car Communication
Liquid Biopsy e
Fast DNA-sequencing machines are —p | i) Becony
leading to simpie biood tests for Meaec s Detabration
cancer, Apsie Pay
Dr ain Ovgancics

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

Internet of ONA

Archive of Past Usts



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 !

Quantification

CTCs

Protein

RNA analysis
DNA

4»
\ Drug testing in vitro
Drug testing in vivo (Xenograft)

Quantification

Somatic mutations
(sequencing, digital PCR)

Copy number variations
(array CGH, NGS ...)

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 :

evoltion

real time personalized diagnostic -
REVIEWS
e == == L) e T T b 'Mludncndy-h
Sevial Squid biopsies * Disease staging
. N -Rmmnm
(N ~ L e S ' o' L— 'IWI(ODOO
Cancer detection:  Molecular Detection \/
i - Monitoring  Monit -— | ‘
screening or s of residual '
cacber diagronis %'22::01-00 du'uoc Riponse clonal ion —
» A Vet .S -l -
® Clone ! . " N \ \
Clone 2 —
~. ) r‘ . Cm’ . ~ s " _.«
o] * Mytation profiling
- * Treatment selection
xL__A _L ‘J e
A .

Surgery ﬂo' other) Yreatmem | Treatment 2

Freasment selection

Figure 1 | Applications of circulating tumour DNA analysis during the course of disease management. a | A schematic

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

Van et al. 2017 Nature Cancer 17.223-238



Patient tailored metastasis evasive cancer drug resistance -

© 2017 Amencan Asso0aton for Cancer Research



Microfluidics/magnetophoresis allows to separate CTCs from whole blood ‘

Negative selection (Markers) — e.g. “CTC-iChip”

Module 1
CTC+«Chipt

{Cetermarushc ateral ‘

dsplacoment) l

Module 2
CTC{Chip?2 |

nersal focusng and
magnelophoresis) |

Ozkumer of al , Sclence Trans! Med, 2013
Kavabacak of al | Nature Protocols, 2014



Microfluidics allows to separate CTCs from whole blood ! ‘
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CTCs MAY ORIGINATE FROM DIFFERENT PARTS OF THE PRIMARY TUMOR !!
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Figure 7. Phkogiobin s Required for CTC Chuster Formation and Lung Metastass Aceto et al. 2014 Cell 158:1110-1122



CTCs from whole blood can traverse the capillary bed !
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Fig. 1. (A) Diagram of CTC clusters occluding or transiting through capillary

Aceto et al. 2014 Cell 158:1110-1122



Single cell RNA sequencing of CTC and CTC clusters ’

CTCs from patients with breast cancers:
- Cell surface staining (EpCAM, HER2, CDH11)
for micromanipulator and RNA seq

WEBC Single CTC  CTC chuster

Aceto et al., Cell, 2014



CTC clusters in patients with metastastic prostate cancer
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CTC clusters demonstrate increased metastatic potential compared to single CTCs



Single cell transcriptomics of CTC vs CTC clusters
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CTC vs CTC clusters in tumor metastasis i

Plakoglobin knock down in primary tumor suppresses
lung metastasis
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CTC vs CTC clusters in tumor metastasis -:.

1. CTC-clusters onginate from Individual tumor deposits and
are not the result of intravascular tumor cell aggregation

2. CTC-clusters are rare but highly metastasis-competent,
accounting for half of metastatic lesions in mouse model

3. Plakoglobin helps tether CTCs within clusters, thereby
enhancing metastatic spread



Plakoglobin in primary breast cancer tumors
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PATIENT TAILORED metastasis evasive cancer drug resistance screen -

Table 1. Mutations detected in cultured CTC lines.,

In pretreatment In multiple

Known

Case Gene DNA  Protein Allele frequencyt tumors CTC lines mutation§
BRx33]] ESRI AlBI3G  D538G 024 - - Be W En
NUMAL1 CS501T S1834L 0.39 - - Br
BRxO7]| TPS3 GBS53A  E285K 099 No - B, Br, Co, HN, Lu
PIKICA A3140T HIO4/L 1 No - Br, Co, GBM, HN, K, Lu, Me, Mel, Ov, En
FGFR2 TIG47A  N549K 046 No - Br, En
CDHI C7907 Q264+ 1 Yes - Br
APC G7225A G2405R 047 Yes - Mel
DGKQ  G2530A D844N 055 - - Lu
MAML2 A2569G MB57V 052 - - Lu
BRx68 TPS3 Cl009T R337C 099 No Yes Be, Co. HN, Hem, Ov
ESR1 AlBIOC  Y537S 047 No Yes Br#, En
PIK3CA A3140G HIO4TR 07 Yes Yes Br, Co. GBM. HN, K, Lu, Me, Mel, Ov. En
MSN GlI53A  E385K 025 - - En
BRx50|] ESR1 TI607C  L536P 0.061t - Be#t
IKZF1  Gl444T G482C 009 - - Hem
BRCA2Y T6262del L2039fs - - - Br (germ line)
BRx42 PIK3CA G3M5C GIO49R 060 Yes Yes Br, En, K,
PIK3CA Cl097G P386R 054 - - Br
KRAS G357 Glav 0939 No Yeos Br, Co. Hem, Es, GBM, Ly, Ov, En
IGFIR  G36I3A AJ205T 006 - - Hem
BRx6l TPS3 G6I0T E204* 058 No Yes Bi. Br. K,. Lu, Ov

TVZInE dlele frequency Wirin ChgOCioNS CUNLIEd GG Popuiations was CalcUIated a5 The raio OF MUlant Sequence reads 1o 1oL reads of cach gene. TWhere
sUfcert materss was avadable for anafyses. malched archival pretreatment fumor specmens were subjected o Sanger sequencing (o confrm sefected mutatons



Patient tailored metastasis evasive cancer drug resistance screen ‘

Brx-07 (PIK3CA FGER2, TPLY) Brx-68 (PeaCcA, ESRY, TPL3) Brx<50 (ESA1. BRCA2)
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Yu et al. Daniel A Haber lab. 2014 Science 345:216-220



Patient tailored metastasis evasive cancer drug resistance screen ‘
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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 !

The causes and consequeaces of pesetc helercgeneily in cancer evoletion,
Robecca A Bumell, Nchotas McCranahan, Jn Sanex & Crares Swamon Aot
SO1, 338.345 (15 Septerber X013 oo 10 1038heture 12623

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



Intra solid tumor heterogeneity : distinct diseases -

Intratumor heterogeneity and multiregion
Sequencing branched Evolution
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Grelinger M, NEJM 2012



PHC_ tumour heterogeneity
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PHC_ tumour heterogeneity_evasive cancer drug resistance ‘

AZD9291 in EGFR Inhibitor-Resistant Non-Small-Cell
Lung Cancer

., Dong-Wan Kim, M.D., Ph.D
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+ Partial or full remission in ca. 60% of patients AZD9291 active on EGER
» Approved for the resistant NSLC (by FDA) mutants



EACH INDIVIDUAL — EACH PATIENT IS UNIQUE «&ii®
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Session 7 g

THANK YOU.......

DO YOU HAVE ANY QUESTIONS 7

Das was wir machen,
richtig machen, sonst
liegen lassen !

Ce que nous faisons,
faisons le bien sans quoi

— .
‘ pas la peine !
4

What we do, do it right,
otherwise forget about it !

Roger G.Clerc, your obedient
servant



