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L’'oncologie: evolution en 30 ans...
en 10 dias

» du concept de “mouroir” a une possibilité de
“guérison” dans un nombre significatif de caos....

» Leucémie chez I'enfant

» Tumeurs du testicule

» Lymphomes de Hodgkin

» Leucémie myéloide chronique
» Autres: Sein, colon...



Le cancer du colon métastatique

Advances in the Treatment of Stage
IV CRC
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Médicaments cibles
Leucémie Myéloide chronigue

» La cible => altération moléculaire
spéecifigue (franslocation
chromosomique 9;22 (BCR-ABL))

» Oncogene puissant faisant se
multiplier les cellules de la moélle
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Cancer du Poumon

Platinum-Based Doublets for NSCLC

North American Experience (ECOG)

Survival by Treatment Group
Stage IV

Cis/Paclitaxel
Cis/Gemcitabine
Cis/Docetaxel
Carbo/Paclitaxel

10 15
Months

8 mo

Schiller JH, et. al. N Engl J Med. 2002;346(2):92-98.



Meilleure chimiothérapie

Overall survival (all randomized and treated, N=448)"'

Median survival (months) (95% CI)

Hazard ratio=0.77
Log-rank P value'=0.020
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Meilleurs biomarqueurs

Evolving Molecular Classification of
NSCLC Over the Last Decade

2004 2013

(adenocarcinoma)

No oncogenic
driver detected
MEK1 <1% 35%
Unknown NRAS 1%
MET 1%

Mutation in >1 gene 3%

PIK3CA 1% | ——
BRAF 2% "
HER2 3%

EGFR (other) 4% ALK

5% EGFR
(sensitizing)
17%

* Clinical practice has moved into an era of precision medicine in which many cancer
patients are treated with targeted therapies (TKls)

Pao & Girard. Lancet Oncol 2011; Blakely & Bivona. Cancer Discov. 2012; Johnson, et al. ASCO 2013




ALK

ORR: 93.5% (95%CI: 82.1 - 98.6)

Change from baseline (%)
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ALK
Rearrangements

At least 30 different ALK gene
rearrangement variants have been
described in lung cancer and an
EML4 is the main fusion partner

Ou et al., Oncologist. Nov 2012; 17(11): 1351-1375
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EML4-ALK
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Crizotinib Resistance Mutations
Cellular ALK Phosphorylation Mean IC,, (nM)

Mutation Ceritinib Alectinib

Status CellLine  PF-06463922 Crizotinib (LDK-378) (CH-5424802)

EML4-ALK NIH3T3 1.3 80 NA 62

vi BaF3 3.6 90 41 24

EML4-ALK NIH3T3 21 843 NA |

L1196M BaF3 43 1154 70

EML4-ALK NIH3T3 15 605 '

EML4-ALK NIH3T3 77 1003 >1000 >10,000

G1202R BaF3 113 562 549 362
-A |

11151Tins BaF3 50 902 296 126

EML4-ALK NIH3T3 4.2 626 NA NA

S1206Y BaF3 3.2 152 60 29

EML4-ALK NIH3T3 1.6 478 : NA

C1156Y BaF3 15 406 21

EML4-ALK NIH3T3 0.2 : NA

F1174L BaF3 4.0 | 26







Le Profilage moléeculaire
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Genomic DNA

- Select ~200-300 bp fragments

¢ apply to flowcell
|
attach adapters to |

reate sequencing library /

cluster generation by
solid phase PCR
(bridge amplification)

sequencing by synthesis with reversible terminators

0




ENGINEERING | D

I8 1603 #7168 1004658000 2 BME 1701 N1 B8N BBDY B2 IR N8 IS8 1 TIISMESSITH ISR 158 153 366
38 1200 21 208  MESMMES 2 WM 70 T 4 3 &M 1 THETSMTESTIESSIT R TIET0eE 18 5 I
2% i ¥ B 188 U0 T 24 4 s R e 1 BIEaEN 12 3
44 108 65 360 170004653000 2 M U1 TR BN & BN I N 1R SIETSSEETSME 18 5
sBgIsyg 2 o5 3 ng WM 2
B & W8 Bastle 2 FTRATARAE BT T RS IERT I aZ 5

4B 71 5D
4N 1 D
16
51D D
dE 4 D
g § D

v o
6. &
0B =g

@ U0 T WY BT Mo T i 2

ONE RANCE SCAN 28741

SCAN PARAMETERS 58125/-36%
IEE—— .

259584 I e N
508931

“
il

; 4
Gag .
CTRY |
4

s
&
N

3

-
¥
o

o

HE -

- - 1SATI 27

g
o
£
S
o
c
o

o
"
o
|
o

o

>

(a1

o

CERET |

=> Des « tonnes » de données



Molecul

List of genes for mutations

ABL1

ALK

ATR

BCL11B

BIRC5

CASC5

CDH2

CEBPA

CRKL

DCC

EML4

ERBB4

ETV4

FBXW7

ABL2

AMERT1

ATRX

BCL2

BLM

CBL

CDH20

CHEK1

CRTC1

DDB2

EP300

ERCC1

EXT1

FGFR1

ACVR2A

APC

AURKA

BCL2L1

BLNK

CCND1

CDH5

CHEK2

CSF1R

DDIT3

EP400

ERCC2

EXT2

FGFR2

ADAMTS20

AR

AURKB

BCL2L2

BMPRTA

CCND2

CDK12

CIC

CSMD3

DDR2

EPHA3

ERCC3

EZH2

FGFR3

AFF1

ARID1A

AURKC

BCL3

BRAF

CCNET1

CDK4

CKS1B

CTNNAT

DEK

EPHA7

ERCC4

FANCA

FGFR4

CMPK1

PDE4DIP

PDE4DIP

PDE4DIP

PDEA4DIP

RNASEL

FANCD2

TGFBR2

@ Damaging variants

ACC2 m

Complete list of variants (73)

Drugs related
to gene

Variant
frequency

@ Potentially damaging

CDNA variant

C.240G>T

c.5180T>C

€.3664A>G

c.622A>G

C.248T>A

c.1385G>A

c.4587C>G

c.4356+3C>T

€.263 7TA>G

c 490G=A

@ Unknown

Animo acid
variant

p.Q80H

p.L1727P

p.K1222E

p.T208A

p.L83Q

p.R462Q

p.D1529E

p.Q48R

Biological impact

Probably
Polymorphism

Unknown

Probably
Polymorphism

Probably
Polymorphism

Probably
Polymorphism

Unknown

Probably
Polymorphism

Probably
Polymorphism

Unknown

Probably
Polymorphism

Probably

Medically

actionable
incidental
findings

Therapeutical
impact

No

Drugs related to
your patient




Molecular testing:
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Resulis

3 Integrated Biological Review

Treatments associated with Potential Clinical Treatments associated with
Benefit toxicity

Gemcitabine (RRM1 IHC) Platinum based chemotherapy (ERRC1 IHC)
Anthracycline based chemotherapy (TOP2A
IHC)
Angiogenesis inhibitors (VEGFR2 IHC) KIT inhibitors (cKIT IHC)
Taxane based chemotherapy (TUBB3 IHC)
alkylating agent (MGMT)
PD-1/PD-L1 inhibitors (PD-L1 & CD8 IHCs)

5-FU based chemotherapy (TS IHC)

» Patient discussion molecular tumor board



Et maintenant?

» Apres les résultats sont discutes au sein du
Molecular Tumor Board et il a eté décidé de
le mettre sous un medicament
anfiangiogénigue qu’'on n'aurait jamais
utilisé sinon...






Comment suivre ces altérations
moléculaires dans le temps?

» Afin de voir ce que ces variants moléculaires
deviennent avec le temps de nomlbreuses biopsies
de la ftumeur seraient nécessaires au cours du
temps...

» Non éthigue et non faisable!

» Quelle autre possibilité avons nouse



DNA circulant !l
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Crowley, E. 2013 Nat Rev Clin Onc 10, 472-484.

Discussion: Ravi Salgia, MD, PhD



Origin of cfDNA

Bone marrow Skin
80-90% 5-10%
Cell free DNA Foetus!!l
Gastrointestinal Tumor

5-10% 0.01-10%



des « tonnes » de données

> A nouvedqQu...

s




DNA circulant

» Va permetire de suivre toutes les
mutation intéressantes

» On pourra alors changer de
traitement sans devoir faire de
biopsie a chaque fois...



JUDE LAW HALEY JOEL OSMENT




IBM-Watson
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Que sait faire Watson?

» Watson est une intelligence artificielle dévelopée par IBM
(Deep Blue)

» Sait lire et comprendre du texte libre....
» Connait toute la littérature medicale...
» || est programmeé pour proposer des décisions medicales.

» || peut étre parametré pour respecter des « guidelines »
nationales

» Existe pour cancer du sein, colon, poumon
» Bientot maladies rares comme sarcomes
» Module Médecine personnaliseée moléculaire



IBM Watson™ for Clinical Trial Matching j_ - ®@- IBM Watson
- : Di sls:
Patient Case 555 oo oncer Ask Watson

Needed Clinical Information 13 TRIAL CANDIDATES

Patient attributes which may improve clinical trial options

Optional patient attributes i

History of brain Metastatic |

Metastatic M - i
v te yes metastasis measureable

Any RAS Prior line of

A " b . _ i o
BRAF Mutation Optional mutation Optional therapy

Optional

Prior e Prior radiation
chemotherapy Optional therapy

Optional Colon or rectal Colon carcinoma

Known patient attributes

Demaographic

Gender Male
|

Trial preferences i

Ci Type of trial . .
& Rochester, MM - )1 L ’ v/| Treatment Screening

Supportive care Health services
Distance

W | miles - . - . .
Diagnostic QOther interventional




VI Watson for Oncology

v B Treatments

CMF
(Cyclophosphamide/
Methotrexate/
Fluorouraci)

TC (DocetaxeV
Cyclophosphamide)

CEF
(Cyciophosphamida/
EpsrubiciVFiuorourace)

CAF
(Cyciophosphamide/
Doxorubiciy

Details for CMF

Rationalo Additional Publications Administration

@ Rationale supporting this treatment

This is recommended when the patient has a high Oncotype DX

@ MSK curated literature about this treatment

LH Two months of doxorubicin-cyclophosphamide witl
reinduction therapy compared with 6 months of cyc
methotrexate, and fluorouracil in positive-node brey
tamoxifen-nonresponsive tumors: results from the b

- 1A

-y -



About Sanford Health for Medical Professionals Careers Contact Us

. Enter a keyword or search term
S A N F > a R D Patients & Medical Health

Doctors & Research
Visitors ¥ | Locations ¥ | Services ¥ | Information ¥ | andTrials

IBM WATSON
GENOMIC ANALYTICS

Al SANFORD CANCER CENTER

A New Era in Personalized Cancer Treatment

What took weeks, now takes minutes. IBM Watson Genomic Analytics is able to sort L E A R N M 0 RE A B O UT

through and analyze the DNA data of cancer patients and quickly provide I B M w A TS o N

comprehensive insights on cancer-causing mutations faster than ever before. The AFAIALAAIN A ATA NI




Faconnage moléculaire

t artificiels

toxiques...

~_ Tumor cell




CAR-T
chimeric anfigen receptor

AR T8
CAR

~ Targeting Element
Single-chain variable fragments
(scFvs)

- Spacer

- Transmembrane Domain

- Costimulatory Domain
~  (e.g., CD28 or 4-1BB)

L2 CD3G
Essential signaling domain

£ 2014, Juno Therapeutics. All rights reserved




Antibody-coated
beads

T-cell activation/
transduction®

' L’%’

* Celiutar reprogramming and ex vivo expansion are conducted 2t a cefl processing faciity
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1) T Cell
Collection

2) T Cell 3) T Cell Adoptive 4) Patient
Transfection Transfer

~}

——

4. Transcription an
protein expressi

Monitoring

a) Disease response

—CT scans
—Bone marrow biopsies
—Peripheral blood




» Ceci est en cours d’essai chez LLA réfractaires
» Toxique... mais redoutablement efficace
» Pourrait éire imaginé dans tous les cancers...

» Aussi longtemps qu’on connait un antigene

tumoral



CRISPR cOSSy '



Clustered Regularly Interspaced
Short Palindromic Repeats

» Clustered Regularly Interspaced Short Palindromic Repeats

CRISPR/Cas9

On utilise les mécanismes
de réparation du DNA

NHEJ e \HDR pour le changer...
/—,: Repair dsDNA ¥
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Flrst trial of CRISPR in people

Chinese team approved to test gene-edited cells in people with lung cancer.




FATSOMmNYY,

Cere edfing cocld mmprove the shiity of remune colls (sphencal) 1o sttnch cancer.

EE?SPR gene editing

tested in a person

Tria could spark bomedical duel between China and US.

&Y DAVID CYRANDSKI

Chitzese groep has become the st 1o

imject 3 persom with ceils that contain

enes edited using the revolabionary
CRISPR-Cas9 tocaniger.

On 8 October, 2 leam led by oncologst Lu
You 2 Sichuan Univers®y in Chengdu daltv-
ered the modified cells Into 2 patient with
aggrossive lung canoer 3 part of a ciimicl trial
al e Whst Chiza Hospltal, 2o in Chengds

Farller chinical trials udng cfis ediied with
3 drferent technique have shown proomise 2
traaling disease. The emergence of CRISPR,
which Is stmpier and more eMcent than
other teckniqacs, witl probably acceierate the
race 10 get gene-ediied cefls inlo the dinic,
s2ys Carl Jame, who specializes in tmmeno
therzpy & (e University of Pennsyhania tn

Philaddphs and iod one of the carller trixis.

*1 think this is goteg 10 trigger Sputnik 2.0,
2 blomedical dadi on progres hetwoen China
and the United States, winich is Important
since compettion ssually tmpooves the end
prodact” he says

june is 250 the scienlinc adviser for a
ple=ned US trtal that wll use CRISPR to target
three pemes fo cedlsextraciod from participents,
wilh the goal of treating various cancers. He
expeds e tril to start carly next year In
March 2017, 2 group al Peking Universily
In Beqing hopes to start three dinical irials
using CRISPR against hiadder, prostale and
renad <ol cancers. Those Lrials do not pet hawe
pprowal or lunding

L='s triad receitved ethicad approval from a
hospital rovaew board i July injections inlo
partcpants wore stpposed 10 bogin In Acgest

1l

AL W acrilan Publshn s Limided, pard of Soringss Flairs. &

Dt the date was pashod back, Lu Sys, becauso
culluring and ampi¥ying the calls ook longer
than expeciad and then the team ran Into
(hins October hobidays.

e researchers removed Immane Colls
from Lie recipient bicod and then dissbicd
a gene I them using CRISPR-Cas9, which
combings 2 DNA-culling enzyme with 2
molecular gudde that can be programmed Lo
541 the eroryme prodisaly wihere o cul. The dis
abled pene codas for B¢ peotetn PD- 1, which
normally puls the brakes on 2 ceils immune
FespOrse: Canders 1ake advantage of tha func
tion Lo proliferaie

Lfs Lleam (e caltured the edited cells,
Increasing e rember, and injectad them
back tnto the patient, who has metasatic non
small cefl ang cancer The hope Is that, with
ot PD- 1, the cditad cofls will 2%ck and dofeat
Secmcer

Lu says Lhat Lhe trestment went smoolhly,
and thal the participant will get 2 sec0nd fmjec
thom, et dedlined 1o give detafis bocause of
pationt confidenxity. The leam plans o treat
%en peopie In fotal; each will recofve cfther two,
Ssee or four Injections. It 5 primardy 2 sty
trial, and participants wiid hemoniionad for six
months (o determine whether Uhe imjections
are cxasing seriows adverse offcts. Lu’s leam
willalso waich (hem beyond (hat time o see if
Sy seom (o be bonafizing from the reatment.

Otber oncologists are excited aboul
CRISPRS eniry onto the ancer sceme. “The
technology Lobe alie to do this & noedble”
says Natper iizvi of Codamibla University
Madical Center In New Yook City. Antomio
Rexo of Paiermo University tn taly notes that
anthodics that seutraline PD-1 have succes
2y kepl lumg Cxncer i check, boding well e
3 CRISPR-emibled attack on the protetn. “Its
a0 exciing strategx” he says. “The rationaie
sirong”

Bul 5ixvi questions whether this particuiar
trix] will succeed. The process of extracling,
geneialy modifying and muitiplying colis
5 "3 huge undertaking aad nol very scalabic’,
Be says. "Unless It shows 2 large gain In
Mcacy, it will be hand o justify moving foc
ward” He doubls it will be ssperior 1o the
=seof antodies, which can be expanded Lo
enlimitod quantities tn e clinic. La says that
this question Is being evalualed In the triad,
but that It loo early Lo sy whick approach
Ebotierm

LM EER 1016 | VOL 33% | NATORE | 470

» First patient NSCLC 28th of

October 2016

» CRISPR-Cas? adressing PD-1inT
cells, then expanded ex vivo and

reeinjected

» ... results of first 10 patients will be
published soon....
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» Premier patient NSCLC traité 28

Oct 2016

» CRISPR-Cas? altérant PD-1 dans
des cellules T, puis cultivées et

réinjectees....

» ... résultats publiés apresles 10
premiers patients



» Utilisation des données informatiques des
images radiologiques.



Radiomics: What is it about?

A high throughput approach to convert

Medical image Feature extraction Analysis

medical images to minable data




Résultats...

Kaplan-Meier radiomics signature Kaplan-Meier radiomics signature
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, 2014 Jun 3;5:4006.
Decoding tumour phenotype by noninvasive
imaging using a quantitative radiomics approach.



https://www.ncbi.nlm.nih.gov/pubmed/?term=Aerts HJ[Author]&cauthor=true&cauthor_uid=24892406
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aerts+H++nature+communications
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