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THE BURDEN OF CANCER

Cancer is a major public health and economic issue
and its burden is set to spiral. With over 18 million
cases in 2018, we can expect 29 million cases by
2040 due to the aging and growth of the population.




En dan komt

kanker plots
dichtbij
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Pleter

Kanker
Hersentumor
Uitgezaaid
Slechte prognose




“Als we onze Pieter over 5

Jaar nog hebben, ga ik eens

echt iets zots doen”




Kunnen we kanker slim

genoeg af zijn?




Wat is kanker / hoe ontstaat kanker?

Neanderthalers
120.000 v C




Egyptenaren
2.600v C
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Hippocrates (400 v.C)
‘lichaamsvochten’
‘zwarte gal’
‘carcinos’
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Celsus
‘cancer’ - kanker
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15-16 de eeuw
Dissectie
Vesalius
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18de eeuw: microscoop
Lichaam bestaat uit cellen
Ook tumor bestaat uit cellen
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19de — 20 ste eeuw
Chromosomen — DNA
DNA Sequencing - Mutaties

I |UZ LKI
V| LEUVEN KANKERINSTITUUT



Wat is kanker?

Foetus Lichaam




Genetisch landschap van tumoren

Next generation DNA sequencing

DNA
(0.1-5.0 pg)

Single molecule array

Library Preparation H Cluster Growth
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Oncogenen en tumorsuppressoren

A s
Groeifactor m {:}
— - -

k{)rofe ratie
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kanker




Evolutie in kankerbehandeling

Chirurgie Radiotherapie Chemotherapie
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Hormonale therapie Doelgerichte therapie Immuuntherapie
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Doelgerichte therapie
een revolutie met grote uitdagingen

b.v. EGFR

- Targeted therapy

D Epidermal Growth Factor Standard therapy

Epidermal Growth Factor oo ‘{r-,--z"'l:qi: e e en e e
Receptor R T R Y Yy et
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X

Mutation resulting in
ligand independent
constitutive activation

cytoplasm

Survival ——

Cell growth, survival and proliferation 0 1 2 3
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Kernprobleem: tumor heterogeneiteit / instabiliteit

Intratumor heterogeneity
within one cancer

Brain metastasis
Dominance of clone 3

Heterogeneity of cancers ™.
of the same primary site =~

Primary breast cancer
Mix with dominance of
142 with 3+4

Liver metastasis
Dominance of clone 4

» bepaalt progressie en respons op therapie
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Kernprobleem: tumor heterogeneiteit / instabiliteit

J

‘Elke patient / tumor is anders

longkanker
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Kernprobleem: tumor heterogeneiteit / instabiliteit

First-generation
EGFR inhibitor

Third-generation
EGFR inhibitor

PIK3CA
E542K

CIDNA &, B
On a e Circulating 3 E l
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Private '<CCJ
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Shared ﬁ Ex19Del
Ubiquitous 5 TP53
= R158L

Tumor
heterogeneity

Time
EGFR EGFR
T790M C797S
PIK3CA
EGFR 542K
Ex19Del
TP53
R158L

Tumor evolution

EGFR
C797S
EGFR PIK3CA
T790M E542K
EGFR
Ex19Del
TP53
R158L
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Uitdagingen ivm doelgerichte therapie

= |ntrinsieke resistentie

g?gﬁgtae'% ttr;‘ee';aa%);' 7 Sge éep)cé[resrc? r? aliseerd’
x = \erworven resistentie
g —> opvolgen en therapie aanpassen
E = Nevenwerkingen
n
0 1 2 3

* ‘Druggability’
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De tumor als een ecosysteem

Tumor cell
Normal cell

Fibroblast (CAF)

Vascular cells
(endothelial cell
and pericyte)

/' Immune cells
(DCs, macrophages,




Bloedvatvorming als doelwit

Blood vessels:

-’ Aberrant vessels
~—~ Normalized vessels

; I > Anti-angiogenese
Vessel Vessel Vessel
eradication normalization promotion
U
+7%
ete _
ot M 152, 18 [164,152] Normalisatie van bloedvaten
Vessel density 1 l - T
Blood flow l T T i
Tumor hypoxia T l l i
Drug & immune l T T T
cell delivery
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Immuuntherapie

Chimeric
antigen receptor T Oe"?
7 2. Isolation, and
][] §%5 &

N - reprogramming
1. Collect y “\FH A of T cells
bIood/v )
CAR { .A?»\./
r Teells®
N
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CAR-T cell
therapy

5.CAR T cells
attack cancer

cells \

4. injection

PD-L1 binds to PD-1 and inhibits
T cell killing of tumor cell

Tumor cell

Blocking PD-L1 or PD-1 allows
T cell killing of tumor cell

Tumor cell
death

Recombinante geherprogrammeerde T-cellen Checkpoint inhibitoren
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Immuuntherapie

— Immunotherapy » | angdurige repons
Standard therapy

Bepaalde kankertypes

Subset patienten

—> selecteren

‘gepersonaliseerd’

= Nevenwerkingen
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Verbetering van immuuntherapie

A Treatment B Cold tumor (D Hot tumor
. . ' PD-L1 g Anti-PD-1
= Selectie van patiénten A ﬁ_
Biomerkers: e ATy
~’mutational burden’ PDI1 of ;",3
-immuuncel infiltratie 1 o5 20 S o @ ;Séi\
| R L= :n;ralt?sional PD-1 ,
@4;: njection
. ‘ ‘ ’ , Virus & 2 Tumor ﬂ;; Cu!"c . {.ll_
= Making ‘cold * tumors’ hot Tmor 4

-combinatie-behandeling

. . cell @ “ - <7 @ \"

-oncolytische virussen
g’ / ot "“‘,-._:{t;';

-immuuncel-attractants “P”“;':f, o 2

Non-injected
lesions

Dendritic
GM-CSF cell
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Een (kanker)cel is meer dan DNA ...

Tissue/Cell Lines

> (multl)omlcs

ﬁ Lipids
o _ i‘.}’ ;,‘Lipidomlcs

Metabolomics \' - e nVi ronme nt

-
Carbohydrates +M?m;s;cu::vef¢ /(c
Glycomics \ /4

Amino acids

Protein

Proteomic:

phenotype

Bouwstoffen
Energie

> Nieuwe doelwitten
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Single cell omics versus bulk analyse

Single-Cell Analysis /’/ ‘

-~ —
k)
* e %
°s s = o
) L)
- s
* * ’ & Reveals heterogeneity
” Single-Cell input and subpopulation
- Each cell type has a distinct expression variability of
S‘—ﬂ expression profile thousands of cells

» »

/il Bad i

Bulk RNA input Average gene expression Cellular heterogeneity
from all cells masked

Uit welke verschillende cellen bestaat een tumor ?
Waarin verschillen die?

Hoe evolueert de samenstelling in functie van de tijd / in respons op therapie ?
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Spatial Multi-omics

» 1 | Hat {irflamed) tumar | Cold (excluded) tumar | | Cold {ignored) tumor |
, U & METABOLOMICS
@ ~°<> vt S -
& '
-
Go ‘@ PROTEOMICS
&
=) = <&

SOILVIWYO4NIOIG

Whole tissue Cut section Thaw slice onto > TRANSCRIPTOMICS
. 4 ; S
biopsy (few um) glass slide ‘ -~ “of
/ﬁ» u gsfgiz EPIGENOMICS
72 iy
ﬁe’ u Al GENOMICS

Waar in de tumor zitten welke cellen?
Bv. belang voor immuuntherapie
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Spatial Multi-omics

Microprobe

l nlu” Mass spectrum

-

Intensity

- Drift tube
& of TOF
analyzer

Extraction grit
lonized moleculas

L
s Sample
target

Xander Spotbeen, Tina Smets (ESAT/Stadius), Etienne Waelkens, Johan Swinnen
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Data-analyse

Principal
Component Volcano

Analysis Plots

Self
Heat Maps Organizing

P

Bioinformatica
Artificiéle intelligentie

Multi-
Variate
Statistics

Klinische
data
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Preklinische modelsystemen

Tumor(cellen) bestuderen buiten de patient

/ - Celculturen | \ / = Diermodellen \

PDX mouse model

_Y — .

Biopsy sample of tumor
is implanted into a mouse

/ 1 /
/ \ / = ‘“Tumor-on-a-Chip’ \
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Nieuwe / slimme (combinatie)therapieen

ooooooooooooooooooooooooooooooo

@
;-
© - Ipitimumab + PD-1 blockade
: -------------------------
o
T
2
o PD-1 blockade
Q.
Ipilimumab
3 s Chemotherapy Targeted therapy
0.0 1 bl | T 1 1 T T
0 12 24 36 48 60 72 84 96

I |UZ LKI
V| LEUVEN KANKERINSTITUUT



Nieuwe / slimme (combinatie)therapieen

100 x = geen
3 — Th1
< — Th?2
? — Th3
£ 50
2 — Th1+2
5 — Th1+3
— Th1+2+3
0
0 100 200 300

time on treatment (days)
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Onderzoekscyclus

ﬁ Opvolging Moleculaire analyse \

: Behandeling

Pre- kllmsch onderzoek
In vive

ot In silico

In vitro
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Overheden

Kankerorgani
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Vorderingen en uitdagingen

Cancer deaths, rate and age-standardized rate index, Cue Vi
World

Index of absolute number of cancer deaths, the all ages death rate (measured as the number of deaths per 100,000)
and age-standardized death rate (assuming a constant population age structure). Figures are indexed to the year 1990,
where deaths and rates in 1990 are equal to 100.

Total deaths

140
120
e . —e—+—Deathrate(all ages)
100 ——— ——
80 \\’_-\‘h"—“‘— Death rate (age-standardized)
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Vorderingen en uitdagingen

Five-year cancer survival rates in the USA, All races, total

Percentage of cancer patients surviving at least five years since diagnosis, by cancer type. This data
is available to view
by sex and race.

P e —— - Prostate

Thyroid
“Tl Skin
Breast
o) _—
80% . Bladder
J— All cancers
//J—\ ——a—— Cervix uteri

—% 1— Colon and rectum
L

60%

) Mveloma
=

— Ovary

Brain and nervous system
Stomach

— Esophagus
——— Lung and bronchus
— Liver

—— Pancreas

1977 1980 1985 1990 1995 2000 2005 2010 2013
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Kunnen we kanker slim genoeg af zijn?

Waar op inzetten?

Preventie Vroege opsporing Effectieve behandelingen Opvolgen en bijsturen

Liquid biopsies

Chemotherapie

uuntherapie
Plas|
- 2
3‘3-—;:&3\’ ; §</ S
19 | "16; ‘ S
— 1 Time from start of treatment
2015 Ameri ssociation o8
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De toekomst

Liquid biopsies/ biosensoren

Slimme combinaties — | Slimme geneesmiddelen
Moeilijk ontsnappen

(.

8 Biomerkers

Y Opsporing, selectie, opvolging . Kanker vroeg

g e-health / m-health opsporen en
' Big Data langdurig

s Doelwitten — | onderdrukken

o Meer selectief en effectief

m Whatis Big Data? > ‘ChroniSChe

§ ziekte’
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Leven met/na kanker

= |Langdurige en dure behandeling
-> uitdaging maatschappij

= “rond de tumor leeft een mens”

= “Kanker heb je niet alleen”

= Achterblijvers

= De draad weer opnemen
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Kom op
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“Als we onze Pieter over 5

Jaar nog hebben, ga ik eens

echt iets zots doen”
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