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ROUSSY Cancer Pathogenesis: Formerly S PARIS
Characterized by 6 Hallmarks

Evading growth
suppressors

Sustaining /'\ Activating

proliferative invasion and
signaling metastasis
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of Cancer
Pathogenesis (2000)

Enabling
replicative
immortality

Resisting
cell death

Inducing
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Hanahan D, Weinberg RA. Cell. 2000;100(1):57-70.
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=== /* \What have we learned from targeted” °*°
therapies?

Several targets & drugs tested

Targeted agents + XRT : facts

#»50 oncology drugs registrations since 2000
»14 Molecular targeted

<+ EGFr+HER?2 :Lapatinib, agents approved

»hundreds

<» EGRF : Tarceva, : ' ,' brecinical
»>60 agents——s = | [ St

¢ 1 in phase Il ' ' P

<*VEGF Bevacizumab, o B ﬂ | |

<» RAF& VEGF : Sorafenib, §

Differential effect =) Appropriate trial design

4

To date only 2 drugs :

9 SVSte m atiC t ra n Sfe r Of *sourcs : cumeasirmisgov C225 & Temodar recently registered combined to radiotherapy
approved drugs, inefficient??

3
. wﬁieneck : 4 :
0:0 mTOR Eve rollmus etc etc Proof of concept ﬂl tumor profile
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We have EGFr targeting..but..

100
= a0
=
= G0
S -.
= < Radictherapy plus cetuxirmalkb
§- a4 i [y S
= 20 Radiotherapy
o 10 2o 30 40 50 &a 7o
Months
MNo. at Rishk
213 122 B0 51 10 1o
211 143 101 66 35 El

v
plus cetuximab

Figure 1. Kaplan—Meier Estimates of Locoregional Control among All
Patients Randomly Assigned to Radiotherapy plus Cetuximab or Radio-
therapy Alone.

The hazard ratio for lo
plus-cetuximab group as compared with the radiotherapy-only group was
0.68 (95 percent confidence interval, 0.52 to 0.89; P—0.005 by the log-
rank test). The dotted lines indicate the median durations of locoregional
caontral.

oregional progression or death in the radiotherapy-

20

&0 Radictherapy plus cetuximakb

a0

OverallSurvivl )

Radiotharapy
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Figure 2. Kaplan—Meier Estimates of Overall Survival among All Patients
Randomly Assigned to Radiotherapy plus Cetuximab or Radiotherapy
Alone.

The hazard ratio for death in the radiotherapy-plus-cetuximab group as
compared with the radiotherapy-only group was 0.74 (25 percent confi-
dence interval, 0.57 to 0.97; P—0.03 by the log-rank test). The dotted lines
indicate the median survival times.

€225 + radiotherapie :
Bonner NEJM 2006

%+ C225 = 1st targeted therapy!
But :

—no level-1 evidence in comparison with CDDP

—>Triple therapy (C225 & CDDP + RT)

-no improvement in survival
-toxicity increased. (Ang KK, JCO2011)

- No efficacy in lung, oesophagus, anal
& cervix
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== \\e know drugs may alter the therapeutfic

ratio of XRT

Bowel perforation Increased Skin toxicity  Increased Lung toxicity
> Sorafenib (VEGFR2) - C225 (EGFR) - Everolimus (mTOR)

Sy

Budach, NEJM 2007 S
-> Vemurafenib (RAF) Deutsch, Annals of Oncol, 2015

— Bevacizumab (VEGF)
Natascha A.J.B. Peters, JCO 2008

Boussemart, Jama Derm, 2013
Lind, JCO 2012, Mangoni BJC 2012
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“** Precision medicine



Genotyping

feeed

i 4
i 4

ORR below 10%

Enriched population

ORR > 30%, and even > 50%
if true oncogene de-addiction

S A
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il A
molecular driven trials

EGFR inhibitors

@ Progression
B Response

N Tatcher, Lancet 2005 1692 randomized patients
No effect

BRAF_/ AKT1

Molecular landscape of NSCLC l/'W

e — @ Progression
5 @ Response
Visu, d localize
m?\ec cesses in e
knowledge-driven clinical

Rosell, Lancet Oncol 2012, 174 patients
Bingo!!
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Individualized Therapy for NSCLC

< RTOG 1210/Alliance 31101, NSCLC stage IlI
Erlotinib then Chemoradiation

- EGFr mut R 7

Chemoradiation

Crizotinib then Chemoradiation

- ALK trans R

AN

Chemoradiation
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S Molecular pathology will S
dictacte new combinations!

HNSCC HPV -
similar to SCC NSCLC

Chr 7 (EGFR) amplification cluster
HPV-

“q‘“"“" |4 ,u" Q‘A‘Ls"u"
5 ; -ijl b) 1’ FT 1 '.- ;

£l tﬁu i )

g ol Mg A8

gu'?l_ . Lo

01,3 HiE - ‘ \
O g P O T VT Low CAN cluster
i H:W .l.-lllM'.ll-l-_.-.hl-;ll lll H PV+
TP53

PI:‘(gg.g I U I I Hrum 1] I-l ”-|l|=|||"|' HRAS’ CAPSS
casrs ll| | g b e

OncoSign l--l_!.l-lﬂl-l_-l-lll ] ll nen
HPV status: BHPV) [T HPVE) Mutation: BMut [JWT OncoSian: B class [IM ciass| Ina TCGA, Nature 2015
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— Tirapazamine trial :

any lessons learnt?

1-Need for patient selection

L

* Bioreductive agent hypoxic o S
i —
i —EEE
* Radiosensitizer N =
Randomized phase Il o e e

platin; FU, fluorouracil; TPZ, tirapazami

Rischin, JCO 2006
2-Biomarker discovery
QT L, Clin Can Res 2012

RT + CDDP RT + CDDP + Tyrapazamine

Overall results : 2 arms similar!! 3- Need for compliance!
Peters, JCO 2010
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Hypoxic modifications : selection is key!

3 weeks max 4 weeks max
. between regis-rando between rando-trt start
Efficacy
B loma rke r step1 step2 step3 trt start

day 1 of week 1
Sample for
gene

signature sent
to central lab

R
E CRT + nimorazole
Accl RT (70 Gy, 6 fx/wk) + cddp (40 mg/m2
G weekly x 5 or 100 mg/m2 x 2)
1 +nimorazole (1.2 g/m? daily)
Potentially S
eligible patient T
with p16(-) g Trt plan for RT
confirmed, R lab tests, ... “
PIS/ICsignature .\
T
I
o
N

CRT + placebo

Accl RT (70 Gy, 6 fx/wk) + cddp (40 mg/m?
Greenlight weekly x 5 or 100 mg/m? x 2) + placebo

from central
lab

Medical Need Drug

1219 ROG-HNCG

European Organisation for Research
and Treatment of Cancer

’EORTC

//“; / 1«;»/*/1“ 2y 7/ WAPY
: 7J
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Now Recognized as a Hallmark

GRAND PARIS

vading growt
suppressors

Activating
invasion and

immune '
N destruction ” - metastasis

Hallmarks
Deregulating Of ca ncer Ena?blil?g

cellular replicative

energetics Pathogenesis (2011) immortality

Sustaining
proliferative
signaling

: Inducing
angiogenesis

Resisting
cell death

Hanahan D, Weinberg RA. Cell. 2011;144(5):646-674.
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-ER Stress
-Apoptosis
-HMGBL1 release

Tumor microenvironment:

!. GUSTAVE ROUSSY
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more than hypoxia

Tumor \ ’x Rays
—Hsal q--ﬁi

Immunocompetent mouse Tumor regression

280
® Untreated mice

240
A Iradiated mice
200 *p=0.05vs CO

150

120

tumor size {mmz)

BO

40

a 3 10 15 20 5 o

Host

Tumor

CRT exposure / HMGB1 & ATP release

-TLR4 /MyD88
-P2RX7 | NLRP3
-Immunocompetent

R X-Rays
\ N
& — a

Immunodeficient mouse Tumor progression
® Untreated mice

A Irradiated mice
*p<0.05vs CO

Courtesy A. Tesniere

Apetoh*, Tesniere*, Ghiringhelli*et al. Cancer Research 2008
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Characteristics of immune cell death
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mourantes
b

@
40 06 CD91
cRT @ b a4

ATP » b
d°4 iy T
s ® TLR4
HMGB1 @ » %0
%0

Q@ @9 o
AQ

Réponse immunitaire
Spécifique d’antigenes

Casares et al, J Exp Med 2005

Obeid et al, Nat Med 2007

Apetoh et al, Immunol Rev 2007
Ghiringhelli et al, Nat Med 2009
Galuzzi et al, EMBO 2012

Martins et al, Ann N Y Acad Sci. 2010
Ko et al, Cell Death and Diff 2014
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response to CRT in rectal cancer.

A Surgical specimen

CD3 density

800 0.023
600 [ No reiapse
[ Relapse

Local relapsa AII relaoses

Cal!sfmm2

B Preoperative biopsies
CD3 density

Response to pRCT
Absence Partialicomplete
CO3 high 8 (28%) 20 (72%)
CD3 low 17 (63%) 10 (37%)

Fischer exact test = 0.015 K2 P valve = 0.022

B TMA spot: CT region
CD3 staining
patient #1 patiem #2

(cutoff value CD3CT: 256 cells/mm?)

C Immune infiltration Score
cD3 cDs (Hi=1;Lo=0)

CT: .Or + .or =0,1,0r2
+
M @ + @ o =0,1,0r2

Immunoscore (1)=0,1,2,3,0r4

Anitei, Clin Can Res 2014

DFS

o B &8 8

g

Immunoscore (CD3-CD8.1y,)
Owerall: HR, 1.81 {1.33-2.5); P comected = 00008
4
]
| IS S
——n
]
50 100 150 200 250

‘Overal: HR, 1.72 (1.323-2.22), P= 00003

50 100 180 200 250
Survival (ma)
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== /' Blocking of PD-1 or CTLA-4 signaling P 505

Priming phase

/
WY ~
,[ Activation signals
/B cp28

NEJM 2012
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Immuno-stimulatory Ab : Spectrum of activity

Mel
GBM RCC

Esopha

NSCLC
geal

HCC Meso
PD-1/PD-L1
Blockade
Bladder HNSCC

TNBC Hodgkin

B-Cell

Ovarian NHL

Adapted from A Marabelle
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Immune adaptive response by tumor cells
mediates resistance to fractionated radiotherapy

A B C A, aPD-L1 mAb starting on daoy 1 of RT
ﬁ \ ' ¥ ij B.  aPD-L1 mAb starting on day 5 of RT
_“.\I 7 days 80 davs C. aPD-L1 mAb starting 7 days after the last
5.C. implantation LERER ) dose of RT
of CT26 day 1 Treatment with tangential Monitor tumor growth and
extermal beam ionizing radiation overall survival + rechallenge
lI"\""'l-\_ =10 Gy in 5 fractions of LTS mice
100
CD8+ lymphocyte ol - NT
E - 5:2 Gy RT
o= ——g,
2 60 ++] NS — 5x2 Gy+aPD-L1 mAD
" Schedule A
T 40
8 = 5x2 Gy+aPD-L1 mAb
1)
& 20 Schedule B
nis -+ 5.2 Gy+aPD-L1 mAb
0 ol | T T T Schedule C
0 25 50 75 100

Time after tumor
implantation (days)

Anti PDL-1 & XRT :

Potentiation only observed with concurrent but not
sequential aPD-L1 mAb therapy

IFN

r'oo

O PDL-1
s Dovedi, Can Res 2014
Tumor cells
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Fig. 2. Before and after PET imaging in a patient with widely metastatic
melanoma. Two liver lesions were treated with SBRT.

December 2010

April 2011 October 2011

Anti-CTLA4 mADb
A

T 7
Slow Progression |Response! Stable ! :

3 pri Oct,
2009 2009 2009 201 11 2011 2011
A

Postow, NEJM2012, Hinicker, NEJM2012

Combination of radiotherapy with immunomodulators
may enhance the abscopal effect
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Imaging

LIVER IMAGING

PET/ICT vs  PET/MRI

l(b) :

Gamma-ray
Positron

' Electron
o
(c)

Gamma-ray Correlator

PET detector
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Image guided adaptive brachytherapy for cervix cancer SWD

c’lu*bn onﬂ"h-'“ﬂﬂo’o!‘nﬂc‘om‘mol' ooooo dessannnnnnnnnnnnns
% P s mp g -y
h |
> o
) +— — -

0.8- gy
]
[ L 18%
€ L.
O L e P
206+
g | = 265cm (9800) 0 event: 100%
S c=.= 28cm (0103) 1 event: 96%
=
B e >6cm (0103) 6 events: 82%
W
§ -== >5cm (98-00) 12 events: 64%
a
0.2
(33) (32) (28) (27)
(34) (31) (26) 21)
(38) (31) (25) (21)
0 (40) (28) (15) (11)
I I | |
0 12 24 36
months

probability of cancer specific survival

0.8

0.6

04—

0.2

-~ === 256cm (9800) 4 events:87%
........ >5cm (01-03) 14 events: 62%
=+=-= >5cm (98-00) 21 events: 40%

(34) (31) (26) (21)

(33) (32) (28) (27)

(38) (34) (25) (21)

(40) (33) (19) (11)

0 p 2 36
months

Potter Radiother Oncol 2007
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Adaptive MRI based planning concept
- Can we do more?

uuuuuuuuuuuuu

Ultra small sub-5 nm particles . .
Polysiloxane (silica) skeleton grafted with Gd-chelates / V I S u a I I Ze

gove) 80, ’jg‘ig{\
(Q‘ . Lu>
s
& \&
& S .
e 130m51010 ensitize
ih colloidl stabil freeze drying ability

Phase 1 : C Chargari

Dimopoulos et al.
IJROBP 2006
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==(Can we use imaging data during treatmeht”
to select patients?

VALUE OF DIFFUSION-WEIGHTED MAGNETIC RESONANCE IMAGING FOR
. ., , . . . . PREDICTION AND EARLY ASSESSMENT OF RESPONSE TO NEOADJUVANT
PET-BASED TREATMENT RESPONSE EVALUATION IN RECTAL CANCER: RADIOCHEMOTHERAPY IN RECTAL CANCER: PRELIMINARY RESULTS
PREDICTION AND VALIDATION
MasrTEN LamsrecaT, M.D.,* VINCENT VanDECAVEYE, M.D., Pu.D.,” Freperik De Kevzer, M.Sc.,
o _— 3 * L P . 3 t Boe 3 &
Maico H. M. sy, M. ” Mo . Gz, MSe. PuD.
Ruub G. P. M. van Stiesout, M.Sc..* Roserr G. Repr, MLD.T JorGEN vaN DEN BoGaarp, MLAL* . ¢ Radbation Oneslont. ‘Radiokone. “Abdominl S D oneat
N 2 ) N partments of *Radiation Oncology. "Radiology. *Abdominal Surgery. and ‘Digestive Oncology.
Jeroen Bunsen, M.DLF Paiuere Lameiy, M.D., PH_D_.-l aND Guino Lammerivg, M.D., Pu.D.* UZ Gasthuisherg, Leuven, Belgium

*Department of Radiation Oncology (MAASTRO), GROW Research Institute, University Medical Centre Maasiricht, Maastricht. the :‘;:"'o'::i I-:uml‘n:nld‘:::ﬂlng‘a:d c.;f]v after nrcorncmlivc M‘mﬁz&z:::ﬁ;{.?r?;:xmﬁm:miﬂ:ﬂ
Netherlands; and "Department of Pathology. University Medical Centre Maastricht, Maastricht, the Netherlands

2 Weeks 3 Months
| payo | | Dayi1 | 19.8 Gy 50,4 Gy
[ CRT I[C<SrRT_]

' PET-CT I ' PET-CT I TME

AADCF99%
D PULSE e i, L A, umuar il

Responder Non Responder

Standard therapy Intensified therapy
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ROUS SY Stereotactic Ablative Radiotherapy, >
an alternative to surgical resection?

GRAND PARIS

%+ Safety and feasability for multiple
mets in more than 80% cases.

» Local control achieved in breast,
NSCLC, CRC, sarcoma, RCC,
melanoma..

** Non invasive
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100
75+

50-

Percent survival

25=

0 12 24 36 48 60 72 84
time (months)

Courtesy M De Ridder

=-Annals of Oncology 2014 February 2016
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Patterns of local failure

T~

In-GTV Relapse: Marginal Relapse:
Insufficient dose Geographical miss

M. De Ridder Radiotherapy & Oncology 2014 February 2016

32 Van den Begin et al, Radiother Oncol 2013 under review
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=== /* New drugs + SABR in stage |V desease’ °*”
positive trend from ‘back to back’ comparisons?

/ stage IV NSCLC : ALK inh (UC Denver ) (2-3)

70 -
60 -
i) tage IV NSCLC : EGFR inh
50 7 stage IV Melanoma >
4o | CTLA (Upenn) (1) (TSW/UC-Denver ) (4-5)
30 - W drug
M drug + SABR
20 -
10 -
0 . . .
21 months 24 months Median OS (%)
survival survival (month)
(months)

1-Nature 2015.

2-Int J Radiat Oncol Biol Phys. 2014).
3- Lancet Oncol. 2011

4-]) Clin Oncol. 2014.

5-N Engl J Med. 2005

> 20 trials combining SABR + targéted or immuno therapies
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PD-L1 blockade + SBRT trial

—>PDL1 ‘responsive’ tumors :
NSCLC, Renal, CRC

— Ablative SBRT of 1-3 sites
—> At least 1 un-irradiated lesion

AN

Sponsor: ﬁélatPé’sep%Rt‘éS?/ « abscopal reponse » Time to progression

. ‘|-..
’ ..‘ Jo J
PO .
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PD-L1 ou PD-12

[V 0,
cacemonrs [\ 2% O8%1ERr2 mut - o1 = SU
0.9%
CD80 ou CD86 CD28 +
UKN/Other CD80 ou CD86 CTLA-4 sn|
53.8% B7RP1
B7-H3 et B7-H4 — ?
A BTLA
BRAF mut MHC classe Il e
rearrangement 1.7%
3.7% Rilmut CD137L

Molecular Profile

OX40L

CD70

+ CD40

GAL9

CD4oL™==
() TIM3 =|

Cellule présentatrice d’antigene Lymphocyte T

Immunological Profile

Targeted therapy

sy RIsensitivity  Chemotherapy it
- sensitivity

sensitivity

Y AATTAAGAG

-> Optimal drug-radiotherapy combination



GUSTAVE/ €™ UNIVERSITE

ROUSSY — : _ \PARIS
sssr /) Precision medecine in RT : P55
we mean accuracy and biology

[CTC

CT@ G CATCGA'NES
CCC'K ",."-, C € A &
A ‘

A GCT f
CTAGCON ’;

» Biomarkers

<+ Accuracy/balistics
“* Immune profile

*» Proof of concept

» High level evidence
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