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Key Advances in the History of Cancer Research

Advances in drug screening
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Events with national impact - ' - — e ®
Advances in cancer therapeutics v g’ Concept of cure
— 1960s
° [ ’
‘ ¥ Methotrexate in choriocarcinoma
Y ] L 1958
. - 3 5-Fluorouracil (26)
O 1957
Cancer Chemotherapy National Service Center
1955
L.1210 as primary screen (27-30) ?
> 1949
Arsenicals (1, 2) o= Thiopurines (24, 2'_5) .
1908 Nitrogen mustard in lymphomas (15-18) = 11 ¥ E R
Transplantable 8 Jup 1943 Antifolates antibiotics
Animal models (1-4) tumors (5-11) Model development (7) (22) (23)
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Special Virus Cancer Program
1964

Cure of ALL & Hodgkin’s disease (51-56, 63-66)
1963-70

®

First monoclonal antibody approved —
1997

e & i

Vinca alkaloids (50) =9
1963 Imatinib (Gleevec) (95-98)
1996
Xenografts in nude mice
1975 Cancer mortality
Adjuvant chemotherapy (79-83) begins to decline
1968—75 1990 Tyrosine kinase inhibitors (94-101)
Cell cul 2005 | th
i = ell culture systems .
Cure of testicular cancer (86-88) % i s ke e Target specific screens mmunetnerapy
1976 P, 2007 ADC
. . . 2002
National NCI investment in .
Cancer Act molecular biology Genome sequenced Mortality decline accelerates Vaccines
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New technologies of Next generation sequencing
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350 bp for each sequence 1 reaction
8,538/350 = 25 reactions

Multiple genes and samples

Costs: ~ 2,000 € C_ostS_: ~ 600 €
Time: ~ 1 month Time: ~ 5 days

Bar Code — many patients
simultaneously
1234567890

~ 500 genes 3.5 hrs - 1 hr manual work

Courtesy of Prof. Aldo Scarpa



Selection of patients based on specific targets

a Heterogeneity in patients ; i b Heterogeneity within C Heterogeneity in
with adenocarcinoma " ALK ! patients with resistance mechanisms
of the lung according / ~5% | EGFR mutation in one patient

to driver oncogenes . i
; KRAS i Sensitive -
~15% in Asians ! L858R
~30% in Caucasians ,,’ ~40%
Ty Exon 19del
EGFR i ~50%
~40% in Asians

~15% in Caucasians Inherent resistance

Inherent T7T90M
~2% by sequencing

HER2 | ~30% by sensitive
3% \ method Drug X
| ;
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RET BRAF | il ~30%
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Mitsudomi T, Nat Rev Clin Oncol 2013
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Cancer isdriven by genetic change, and the advent of massively parallel sequencing has

enabled systematic documentation of this variation at the whole-genome scale'™. Here
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Panorama of driver mutations in
PCAWG

a, Top, putative driver mutations in
PCAWG
b, Genomic elements targeted by
different types of mutations in the
cohort altered in more than 65
tumours. Both germline and
somatic variants are included.
¢, Tumour-suppressor genes with
biallelic inactivation in 10 or more
patients.



Tumor Heterogeneity

e NEW ENGLAND
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MARCH 8, 2012 oL e w018

Intratumor Heterogeneity and Branched Evolution Revealed
by Multiregion Sequencing
D, Andrew ). Rowan, 8.5 H v arkn M

Biopsy Sites

Q wuwngo
() metastases
R1 (G3) R2 (G3) e ¢
0 0
R3 (G4) Chest-wall
R4 (G1) M2b metastasis
RS (G4) s
R9—- I
B Perin hrjc
R7 (G4) metastasis
| ] M1
10¢m
. Intertumour Heterogeneit Intratumour Heterogeneit Intercellular Heterogeneit
Adenocarcinomatous ESASE e geneity genelty
Colon cancer __ component KRAS wt

bﬁ
-
)

&
00!
aao
ey,
<O,

o
B

L
S

S

Q)
0X
()

Signet ring cell
component with KRAS
mutation

o
52

Intercellular genetic
and non-genetic heterogeneity

'930

Subclone 3
Subclone 2

Clonal heterogeneity



Liquid Biopsy

Applications of liquid biopsy

Detection of
resistance
mutations

*DNA
* mRNA
* miRNA

*DNA

Exosomes—> | *MRNA
3 _ *miRNA
4 i ResiSgear w0 ° Protein

* DNA
CTCs — | * MRNA
* miRNA
* Protein

33.9

(205.38.5) Anticipated diagnosis: 3 to 9
months compared to imaging
32.1 (TC, MR ec.)

(27.4-37.1)

Plasma

36.7
(29.4-44.4)




Different classification of tumours, different study design

Molecular Alteration

Site of tumor origin

Umbrella studies Basket studies
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Biankin A, and ESMO E-learning module, prof. A. Scarpa



Tumor Agnostic approach: from Basket trials to Drug Approval

Tumor-specific

) Tumor-agnostic
(biologic only)

(anatomical/empiric/biologic)

gliomas

NSCLC head & neck/parotid
breast
thyroid
sarcoma/IMT
pancreatic
cholangiocarcinoma
gastric
colon II

melanoma

Therapy

Pembrolizumab (Keytruda)
Pembrolizumab
Larotrectinib (Vitrakvi)

Entrectinib (Rozlytrek)
Dostarlimab-gxly (Jemperli)
Dabrafenib (Tafinlar) + trametinib (Mekinist)

ovarian

Biomarker

MSI-H or dMMR
TMB-H®

NTRK gene fusion
NTRK gene fusion
dMMR

BRAF V600E mutation

Kinase inhibitors/

ALK other inhibitors

FDA approval date?
May 2017

June 2020
November 2018
August 2019
February 2022

June 2022 Adapted from Doebele et al 2019



SPECIAL ARTICLE

Annals of Oncology 0:1-8, 2018
doi:10.1093/annonc/mdy263

A framework to rank genomic alterations as targets
for cancer precision medicine: the ESMO Scale for
Clinical Actionability of molecular Targets (ESCAT)

J.Mateo’, D. Chakravarty?, R. Dienstmann', S. Jezdic®, A. Gonzalez-Perez’, N. Lopez-Bigas™”,
C. K. Y.Ng® P. L. Bedard’, G. Tortora®, J. -Y. Douillard®, E. M. Van Allen'®, N. Schultz?, C. Swanton'’,

F. André'?* & L. Pusztai'

Readiness for use in clinical

Current examples of genomic

practice alterations
Tier I (I-A, I-B, I-C) Targets ready for HERZ in breast cancer
implementation in routine BRCA1/2 in ovarian and breast
clinical decisions cancer
EGFR, ROS1/ALK in NSCLC
TRK, PD1 in multiple cancers
BRAF in metastatic melanoma
Tier I (II-A, 11-B) Investigational targets likely to | PTEN pathway (PIK3CA,
define patients who benefit AKT1)
from a targeted drug, but
additional data needed
Tier 1 (II-A, 111-B) Clinical benefit previously BRAF in non-melanoma
demonstrated in other tumour | cancers
type or for similar molecular PALB2 and other non-BRCA
targets DNA repair mutations
Tier IV (IVA, IVB) Preclinical evidence of Hypothetical targets for future
actionability clinical testing
TierV Evidence supporting co- PIK3CA in ER+, HER- breast
targeting approaches cancer
Tier X Lack of evidence for

actionability




The tumor microenvironment

Cellular components

- CAFs

-  FAP*, a-SMA, FSP-1, PDGF-R fibroblasts
- PSCs

Matricelullar proteins - myofibroblasts

- mesenchymal cells
- SPARC - pericytes Immune cells
- Periostin e.g. CD40
- Tenascin . = :
- Osteopontin = '
(LD

Soluble components:

@
- CTGF - IL-6

Solid components

- FGF - 1L-8 - hyaluronic acid
- VEGF - collagen I-1V

- HGF - laminin

- EGF Pathways - fibronectin

- TGF-P - SHH



Multiomics in Cancer

« While a single type of omics can
provide a significant amount of
information at a specific level, the
complexity of intra and
extracellular mechanisms can
only be addressed by combining
several omics approaches to
provide a complete picture of
cancer pathogenesis and
progression

*  With Multiomics (the combined
use of genomics, transcriptomics,
proteomics, metabolomics, and
other technologies yet to fully
unfold) we can obtain a complete
dynamic vision of cancer.

Sample source

Molecular targets

-

Tumor
sample

" 4

[ 4

DNA

I

Nontumor (control)
sample, if required

L 4

RMA

Protein

. o ) IHC and
Analyses Genomics NGS BieLtl =] b
CMNY, LOH, SMP, Hi s:glrf:eﬂrﬁé{?iﬁ?(’m = mBNA, Gene Protein expression, Small molecules
Rare variants, TF bindin ' expression, Post-translational (biomarkers) profiling
Genomic Ghmmatigr;'l' Alternative splicing, modification, cytokine in blood, serum,
rearrangements accessibility non-coding RMA array uring, CSF, etc.
Genome Epigenome Transcriptome Proteome Metabolome

Multi-Omics
Data
Analysis

Biological Insights




Perspective

https://doi.org/10.1038/s41591-022-02193-4

Bodywide ecological interventions on cancer

Guido Kroemer ®'%?
Fabrice André ®° & Laurence Zitvogel”*°"°

a b c

Chemotherapy, radiotherapy

, Jennifer L. McQuade®*, Miriam Merad ®°,

d

and targeted therapy Anti-angiogenesis Immunotherapy New therapies

(&) ©X&) &) &) ) &R m
g N L S, oy 8
— —_— By \ Bc —_— B DC <2
r @ r @ < @
A \ W \W A \W \¥ ) A \W A\ 3

(W) (v ) V

Cancer cells Malignant + stromal cells Malignant + stromal
+immune cells
N B * Metabolites
A | Adipocyte ’l\_F_:? Fibroblast ¥ ) Vascular cell = Neuroendqcrine
Cancer cells * Inflammaging
8 Bcell T Tcell oc ' Dendritic cell * Systemic immunity
* Co-medications

Kroemer et al. Nature Medicine Jan 2023



The revolution of Immunetherapy

Priming phase Effector phase

4

Dendritic cell Ll
& -

The Nobel Prlze in Physmlogy or Medicine 2018 -

discovery of cancer therap
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Antibody-Drug Conjugated (ADC) : new payloads

}.\

N\
)
/ oo

The poison /::

Auristatin derivatives (MMAE, MMAF)
Maytansine derivatives (DM1, DM4)
Calicheamicin derivatives

Highly potent cytotoxicity

IC5, at a nM level

Antibody

Toxin Linkers

IL1b (Hess, 2014) IL13 (Hess, 2015) TRAILtrunc (Hemmerle 2014)
: . : IL2 (Carnermnaolla, 2002) IL15 (Kaspar, 2007) CD4OL (Hemmerle, 2014)
I | IL3 (Schmid, 2018) IL17 (Pasche, 2012) FasL (Hemmerle, 2014)
| . . I IL4 (Hernmerle, 2014) IL18 {unpublished) LiGHT (Hemmerle, 2014)
| Cytotoxic Radionucli | IL5 (unpublished) IL22 (Bootz, 2016) VEGI (Hemmerle, 2014)
I | IL6 (Hess, 2014) IFMa (Frey, 2010) VEGItrunc (Hemmerle, 2014)
| | IL7 (Pasche, 2012) IFNb (unpublished) LT-a (Hemmerle, 2014)
: : IL9 (Venetz, 2015) IFNg (Ebbinghaus, 2005) LT-b (Hemmerle, 2014)
I | IL10 (Trachsel, 2007) TNF (Borsi, 2003) LT-a1b2 (Hemmerle, 2014)
| I IL12 (Halin, 2002) TRAIL (Hemmerle, 2014) G-CSF (Schmid, 2018)
| | 4-1BBL (Mock, 2020) GM-CSF (Kaspar, 2007)
I : CCL5 (Hess, 2014) CCL20 (Hess, 2014) CXCLY (Hess, 2014)
| | CCL17 (Hess, 2014) CCL21 (Hess, 2014) CXCL10 (Hess, 2014)
| : CCL19 (Hess, 2014) CXCL4 (Hess, 2014) CXCL11 (Hess, 2014)
: | ITIP (Hess, 2014)
| |
| : B7.2 (Hemmerle, 2012) TMFR (Schwager, 2009) VEGF-A184 [Halin, 2002)
: | £TF (MNilsson, 2001) VEGF-A™2? (Halin, 2002) VEGF-C (Schwager, 2018)

| other undisclosed payloads



Chimeric Antigen Receptor T cells (CAR-T) Therapy

Tumeor-specific antigen

scFvs —

Targeting element —

<1 Transmembrane —
HELE d ormaine it

CD28 or 4-1BB
(costimulatory domain)

cD3 e

CAR T-cells
. multiply in .
the lab
Change the
T cells in the
lab to become
CAR T-cells

A drip of
. CAR T-cells
into your
bloodstream
Collect T cells
from your
blood
The CAR
T-cells find
and attack the
cancer cells

Struttura dei recettori T e CAR

CAR T cells are infused
into bleodstream

Cells undergo
evtensive proliferation
{
CART cel
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P e
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June C. and Sadelein M, New Engl J Med 2018;379:64-73



Vaccines (MRNA)

Inflammatary
kines
mRMA [
I vaccine ..
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OFINION

Integrated molecular and clinical
staging defines the spectrum

of metastatic cancer o
Nature Rev Clinical Oncology, 16: 581, 2019

Sean P Pitroda and Ralph R. Weichseibaum

Box 1 | Characteristics of indolent clinical metastases

Clinical

* Low number (typically 1-5 lesions)

* Metachronous presentation

* No involvement of lymph nodes

* Slow rate of progression (typically <0.6 new lesions per year)

= Limited organ sites (typically 1-2 sites)

* Favourable histology (including, but not limited to, breast, prostate and kidney)

Biological

* Activation of innate and adaptive immunity
= Absence of mesenchymal features

* Low degree of tumour aneuploidy

* Low degree of intratumoural heterogeneity
= Intact 14q chromosomal arm

* Expression of microRNAs that suppress genes associated with metastasis

Treatment
Local ablative interventions (with stereotactic body radiotherapy, radiofrequency ablation or surgery)
tend to be more beneficial for these patients than systemic therapy

Personalized treatment along the
metastasis spectrum

Time ——— > Time ———
Synchronous Metachronous oligon asis/ Oligoprogression
oligometastasis oligorecurrence
@ primary @ Controlled
primary
@ Metastasis e Controlled
Liu W.JCO 40:4250, 2022 metestasis

Clinical and/or molecular
integrated stage

Low risk High risk

Proposed magnitude of clinical benefit

Systemic therapy

Local ablative therapy

A Primary tumour

Successful
¥ treatment of
primary tumour

® Metastasis




ASCO 2018

Stereotactic Radiation Therapy can Safely and Durably

Control Sites of Extra-Central Nervous System
Oligoprogressive Disease in Anaplastic Lymphoma

20 —— >12 months
== <12 months

Overall Survival (%)

L T T T 1
0 12 24 36 48 60
Time (months)

Length of time taking crizotinib
(<12 vs >12 months) and its
effect on overall survival.

Treat all sites!

(or most) of visible disease
with image-guided SBRT
and/or image-guided
surgery, and thereby amplify

local and systemic immunity.

Barriers:
Limitations in imagination, software,
software/hardware integration

Kinase-Positive Lung Cancer Patients Receiving Crizotinib

CR to
Crizotinib

Oligo-
Progression

SBRT+Erlotinib:

(EGFR-inhibitor)

resulted in dramatic
changes in patterns
of failure, and high
PES alfieliC).

e Phase 2 frial of
SBRT+Erlotinibo for
limited (but
progressive)
metastatic NSCLC

lyengar P, et al. J Clin Oncol 32(34):3824-30;2014.




Radiotherapy and Immune response

Optimized radio-chemo-immunotherapy protocols according to the
immune response induced by three types of fractionation schedules

Normofractionation (1.8-3Gy)

..‘ CDAT cell Lymphocyte
.i‘ & Moderate hypofractionation (3-10Gy)

‘.‘ M Treg

* adiil .

Anti TIGIT
BM5-986207 ' MDAC
— MTIG7192A
. OMP-313M32

Y rou
Anti PD-L1 Anti PD-L1 ‘ TIGIm

Avelumab N & Awelumab [ Tr

Atezolizumab * Atezollzumal
Durvalumab Durvabumab .
‘.—I'H"' Vascular damage
..‘ Cancer Cell
Cyclophosphamide { @ 12 Macrophage
5-Fu— ..‘ 'FW DNA
STING Agenist ‘
MK-1459 _
ADU-5100 A "I'. RT Fraction
GSK-3745417 o Anti PD-L1 &
- h A, Avelumab
= i b

Cyclophosphamide ;:t ||:ﬂ: T-REX

Y
. L BMS-986207

MTIG 7192A

l OMP-313M32

Severe hypofractionation (>10Gy)

Boustane J et al., Cancers 11: 860, 2019



A. Marabelle'***, L. Tselikas®, T. de Baere® & R. Houot>®
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Local priming
Intra-tumoral Injection

of Immunostimulatory agents }_
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Ann Oncol 2017;28(suppl 12):xii33-xii43.



Techniques for ablation : possible combination
with chemo-, radiation and immunetherapy

Radiofrequency ablation Microwave ablation Cryoablation Irreversible electroporation
Aclive energy Active energy
Monopolar RFA  geposition: few mm deposition: =1 cm Ice ball = 1-3 cm
- -« -
pr.C
u lﬁ% -—— a +
'ﬂ? ‘ : - +
Multibipolar '5% - - &
No touch RFA
\stHer/ - ;
\ 3% _ :
-— - Cell membrane +
Heat o s
diffusion diffusion diffusion I - + I
@ Electrode O Hee
=» Thermal diffusion O Ablation margins
(target: >5 mm)

Courtesy of Prof. Roberto lezzi



Reconciliate Survival and QoL Patient Reported Outcomes

Clinical endpoints
(How a patient feels,

functions or survives)

CURE the Patient » Early
[Healing]

A ———_

|
4 v v AlM of the ]
Mortality Morbidity Health-related Treatment » CARE the Patient
Quality of Life I »
’ NSCLC
PALLIATE
Symptoms

PROs

Health-related quality of life (HRQOL)

ﬁl Malignancy ﬂ

Quality of Life

Survival

i

Tumor
Satisfaction with care or symptoms Res ponse &
o Adherence to prescribed Slde EffeCts
medications or other therapy
Treatment

Perceived value of treatment

Davies M, WCLC 2017
Bria, WCLC, 2022



