Evolutions de la

radiothérapie a
I’Institut Curie

)

ENSEMBLE, PRENONS institut

LE CANCER DE VITESSE cu rie




RT Workflow

e «..Délivrer la bonne dose dans le bon volume ...»

= Quality assurance of dose
delivery

<= 2 measures:
-Geometrical
-Dose metrics (Dosimetry)

A cquisitions pour PIGR

Autres modalités d’imagerie (M‘I, kV, CBCT, ...)

(IRM, TEP, ...)

Planimétrie Traitement

Délinéation

Prescripti Imagerie de
réparation
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Radiothérapie guidée par « I'imagerie multimodale »

Geometric
Integrity

Tissue
Contrast

Imaging
Performance

@ Adapted from Menard C and Dawson L, Oncologist 2010 3 | 23 septembre 2022



Place de I'imagerie multimodalité et multiparameétrique en radiothérapie

Delineation & dosing : 1A

DGuidance and Targeting : IRM/Linac, TEP Linac

DResponse and adaptation : Biomarqueurs de réponse in vivo
mNouvelles indications : cancer métastatique, réirradiations

BNouveaux concepts : Fractionnement spatial et temporal
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1. Améeliorer workflows contourage et planification : IA
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Qualité du traitement et facteur « temps

2

Evaluation Preparation Treatment

Completion

Response
" ® assessment

[ Toxicity prediction
@ and management

() Therapist

© Administrative staff

» Patient-facing
MR ‘front-of-house’ tasks

s O @ Patient evaluation § e Positioning - o () Scheduling
@ Clinical plan % o ) Image acquisition EE‘ . Image guidance and
development and E 'YY S E -3 motion management
i 7 mage regitration 8% an O O Adaptive treatment
l 2 @ Target segmentation
E @ @ Organ segmentation
To \./allc{ate or adapt T @ @ Doseoptimization @ Radiation oncologist
patient’s strategy s @ Medical physicist
k= Quality
E LAl assurance and @ Dosimetrist
= physics review
2

¥ To better predict v" To quickly decide whether

v surylval adaptive is needed or not
To improve v' To shorten treatment time
workflows

and to decrease residual
uncertainties in extremely
hypofractionated RT

v Toincrease
homogeneity of
contours and
plans

Adapted from Huynh E, Nat Rev clin Oncol 2020

v" To better predict toxicity
and local failure on
multimodal imaging

v' To correlate imaging
changes with organ
functions after RT and
delivered doses
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Al-based plans en vie reelle?

e Mcintosh C et al., Nat Med 2022

Target and organ delineation

Treating physician delineates target
(prostate) and healthy organs
(bladder, rectum, femora and so on)
on CT images

ML-based RT treatment planning

Feature extraction Most similar patients in database

Approximate RT planning time: 1520 min™

Conventional human-based RT treatment planning

e

Define and adjust Evaluate AT treatment
optimization plan according to
parameters clinical protocol

Approximate RT planning time: 30-120 min

Clinical decision

Treating physician selects RT plan used
for patient treatment

Peer review and quality assurance

Selected AT plan reviewed by the RT team and
undergoes medical physics quality assurance
checks and measurements

!

RT treatment plan
delivery to patient
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Al-based plan reduit le temps de planification de 60%

e Mcintosh C et al., Nat Med 2022

Target and organ
delineation complete RT treatment planning complete
— (inclusive of delineation) i Clinical decision rendered
—WW‘W
Human-g d RT plans

145h 66.2 h

ML-generated RT treatment plans

_ Prochaine étape :
L Planning complet en 24h?

Total time (h)
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Gagner plus de temps au contourage : Améliorer performances |A?

« Wong J et al.,, Radiother Oncol 2020

a) EC contouring times b) DC contouring times
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50 g 0.60
-
E E 0.55
5 401 =
£ =
E £
o v ] o
E T £ 0.50
g , £ ©
5 5
2 £ 0.45 1 o
= A c
§ 20+ 5]
%8 | | T ==
10 4 5 A o)
0.35 1
1 o
NS H&N Prostate NS H&N Prostate
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Reévisions humaines des auto-contours

20 40 60

B ]
# of displacements > 0.5mm

° Score 1, acceptable (no edits)
. Score 2, acceptable {minor edits)
ntestins @ Score 3, unacceptable (major edits)

Ssie Hg. 2 Physician scoring of autom ated contours (n = 43)

(D cCchaEetal., Radiother oncol 2021 10 | 23 septembre 2022




Al-based plans en vie reelle : Etudes prospectives?

e Mcintosh C et al., Nat Med 2022

M Simulation {n = &7)
[ Deployment n = 43)
Overall

3o M Number of AT plans reviewed

-
3
H i
5 [l Treating physician identifisd ML RT pian comectly
ML aigorithm appicable ML plan selected from appiicable plans 3
H
H
.5‘1 0 [ Cusniitatively supsrior AT plan selscied
b H
[ Simudation (o= 47 £
[ Deployment (n = 43) E o 3
g ™ z z
2 2 é‘ [ Prefarence towards human RT plans
" 3
£ B
= =
3 T
s 3
5 5
€ b
H H
) ]
[ [
ML RT plan supsrior Treating physician Treating physician thought ML RT plan selectd when
on consensus identified AT plan they were choosing ‘SUPEIior on CONSENSUS review 5 ]
review ML RT plan

Fig. 3 | Clinical study results
deployment phase (n=50) :
identification and perceived !
(n=9), where all radiation o
treating-physician-selected |

enable value-enhancing reallocation of human resources. Our anal-
yses underscore that retrospective or simulated studies cannot reca-
pitulate factors influencing ML-human interaction when patient
care is at stake, even with expert and blinded review. Prospective
deployment studies validating the impact of ML on real-world clini-
cal settings are necessary to quantify the value of these methods,
and to drive acceptance for routine use in patient care.

Treating physician
————

Total number o AT treament plans for all trealing physicians

Fr ae e m

se (n=50), prospective
treatment physician

lividual treating physician
«cored by the number of

or human) of their selection.
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2. Guidance and targeting : Gating, Tracking on MRI
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Mouvements inter et intrafractions

planned dose blurred dose

(a) (b)

» Gating respiratoire ou Tracking tumoral

D

Gilles Créhange - La radiothérapie : principes, indications, mécanismes d’action et complications igst\’tpt
urie



ICRU report 62

. 1- INTERNAL MARGIN :
added to compensate for expected
g g Vi C —

Commission on
movements and variation in shape, ‘n['m“""‘m

size and position of the CTV.

ICRU 62
Definitions \
« 2- SET-UP MARGIN : ‘,
F
to account specifically for [
uncertainties in patient positioning %

and alignement of the beams during 1
treatment planning and through all [

sessions.

oY L

1 Tow snmnra Ehadendon B ol oonog o' he Crigune of fak
0 D0l Cania s il B B R Bl Le )

- oo Tt Yo are Kal Y
- Tagrzwical rso semanct
- bsaird Nag e oW

B #et s Wy 1oy

ﬁ Kowe 0 108

P

@ 14 | 23 septembre 2022




IRM Linac

r

Intégration sans compromis de deux systemes performants | |
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Techniques de gestion du mouvement: intérét clinique

Femme de 55 ans avec Average Cl Mid Ventilation CT b3DVaneXD SPAIR

Y

adénocarcinome pulmonaire

Oligoprogression d’une lésion de
24 mm x 21mm, trés proche de la
bronche

Blurmring effect may Minimal blurring with
wrongly suggest b3DVaneXD SPAIR
infiltration of tumor confirms no infiltration of
inside the bronchus tumor

(C)Elekta ' i \l@
(i Ll JII ;'-l:'\:l;ly]':(l.t‘ :\: ’l e




Contraction des fessiers : Beam off en temps réel sous IRM (0.35T)

Tracking Confidence: 79. 2% FOV: 35.0 x 35.0 x 0.50 cm
Fraction Outside: 0. 00% Res: 0.24 x 0.24 cm (144 x 144)
Target In

Image 0, W/L 914/522, FPS 8.0
Position: -0.15 cm
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3. Response and adaptation
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Biomarqueurs IRM in vivo de radiosensibilité?

IRM diagnostique n 4 18 s ns
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Cancer de la sphere ORL: suivi de la réeponse et BgRT (1)

(Elekta 66 Gy / 30 fx; Adapt to position

Courtesy of Froedtert Hospital / Medical College of Wisconsin.




Cancer du pancréas : suivi de la réeponse et BgRT

Changes In Tumor Weekly Mean ADC Values

ADC utilisé pour prédir la réponse tumorale

~ -
l'.
o -
*ADC values following RT could
be used to predict tumour
. Courtesy of Froedtert Hospital / Medical College of Wisconsin pathologlcal response and ald
O Elekta *Dalah E, Erickson B, Oshima K, et al. Comrelation of ADC With Pathological Treatment Response for dose escalation

Radiation Therapy of Pancreatic Cancer. Translational Oncology. 2018;11(2):391-398.
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4. Radiothérapie ablative et métastases
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Seminars in
wiios [

ONCOLOGY

ELSEVIER

Technical Giants But Biologic Infants: Defining L)

Check for
updates

a More Sophisticated Role for Local Therapy in

Metastatic Disease

Sophia C. Kamran, MD,* David Palma, MD PhD," Matthew S. Katz, MD," and
Anthony L. Zietman, MD*

——
I
I
I
I
1
1 .
A 1 s there way to halt this progression? e .
I
. | '
e ! y . 0\°
!
@ o I &
1
' ]
| ||
l .
I
I |
Localized “Oligo"metastatic Metastatic
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Progression meétastatique et signatures genétiques

20 mets pulm de 18 cancers du rein

* Transcriptome (Oligonucleotides microarrays)

* 135 genes differemment exprimés

e Patients <8mets vs >16 mets

* IL<9 moisvsIL>5 ans

e Signatures des genes différentes
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Oligomets : Expression des microARN

8

P
o

Proportion of mice i Olige-
or Polymetastasis
b 2 B

W Poly
[T Olgo
I No metastases

CTL-mimics

miR-200c-mimics

Numver of lung metastases

-
o
e

388

§8393

[T
-
.-
a "
a - : L]
CTL-mimics miR-200¢c-mimics
(n=20) (n=20)

Lussier YA Plos One 2011
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Imagerie ou biologie?

Meétastases multiples Oligométastases

 Médecine personnalisée . Médecine de précision

* Guidée par la biologie * Guidée par I'imagerie
* Traitements ablatifs

* Ciblage de voies moléculaires

* (Cytotoxiques
Médecine personnalisée
De précision

Guidée par la biologie et
I’'imagerie
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Oligoprogression : Le « BON »...

2007: 69 ans pT3a R1, GS3+3, PSA 2.93, 1.4 postop

e 2008 : TEP choline Apophyse transverse C1 +

«  Loge + C1 + ADP 66Gy/33fx (IDL 95% 4fx) + A \ Y7

e 2009 : Rechute : Hormones

 09/2014 : PSA 1.91 TEP choline Aile iliaque G

e 2016 : PSA 1.55 L5 (30Gy/3fx IDL 80% VMAT)

e TEP choline + FNa : Doute L17?

2017 :79 ans, PSA 2.2

E8EEEEEEE




Oligoprogression : La « BRUTE »...

e  Femme de 55 ans

* 2013 : CBNPC LIG Her2-, EGFR, KRAS,
BRAF, ROS et MET

 Métastatique poumons, plevre d’emblée

e CT: CDDP-Alimta puis Taxol

e 2015:T11:cimentoplastie +RT

Avril 2016 : Nivolumab 4 cycles
e Juin 2016 : Mets poumons, 0s, cerveau
e Carbo Gemzar 6 cycles

e Olaparib
 Janv 2017 : Carbo taxol

@ 28 | 23 septembre 2022




Oligoprogression : Le « TRUAND »...

e Mr V... Pascal, 57 ans
i . : .
e carcinome urothélial de l'uretere

e 1N+ médiastin hilaire D lentement évolutive

e Stéréo enjuillet 2012 : 48 Gy en 8fr (IDL 80%)

e poumon :V20a 3%, V10 a 12% et dose moyenne a 3.3 Gy
* moelle épiniere : dmax a 8.7 Gy

e ocesophage : Dmaxa 22.5 Gy

* trachée: Dmaxa 27.2 Gy

* Evolution méta hépatique 2 mois apres

e Décédé d'une hémoptysie massive sur nécrose bronchique
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Projet Master 2 LITO :

Signature métabolique d’une oligométastase PSMA+

# Mets Cells/Met
6ig 1

§5 Grgwthw:aé:tM;ta.stases= 1.0
« Objectifs / Questions : g5 1 o e TRy p & e
. L . , . L 4 e
1. Signature radiomique pour prédire le métabolisme s \ o s
d’une « vraie » oligométastase (...ou d’une métastase 3,. ; 16 |a
Q
parmi d’autres?) 5 ; /32 2
€
o2 , . . 2o 64 L1
2. Différences de métabolismes en fonction du nombre . . . . e @ .
de métastases Lo s E e
Relative Volume of Primary Tumor Total: 127

#Mets  tcellsivet
qo 1 2%

3. Signature radiomique pour prédire I’absence de

Growth Rate Mets  _ 5
Growth Rate Primary —

s 2 2%

N
]

progression dans les champs et en dehors des
20 4 220

champs

s 8 21

4. Métabolisme du rachis et du bassin différents chez un

oligométastatique et un polymétastatique (trace de la

Number of Doublings of Metastatic Cells

s 32 28

maladie micrométastatique diffuse non encore

o 64 2°

L 1 1 1
0 1 2 3 4 5 6
Number of Primary Tumor Doublings Total 127 1.1 x10¢
Since Rel of 1st M i

visualisée)

GD Withers HR Semin Radiat Oncol 2006 30 | 23 septembre 2022
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5. Réirradiations : Réponse des tissus sains et optimisation

de la balistique
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(a) (b)SBRT plan with GTV and PTV post-surgical images, isodoses shown

Herfarth Type | reaction

border between fiormal liver resiaSgaligaIsaiver esion o oo
and Herfarth Typefreaction i

Fig. 6. Histopathologic zones of injury. See text for details. VOD =
veno-occlusive disease; SBRT = stereotactic body radiotherapy.
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Functional Liver in Hepatocellular Carcinoma
Patients With Longitudinal Sulfur Colloid

Longitudinal SC SPECT/CT imaging can noninvasively characterize
hepatic radiation dose-response relationships

at the individual patient level with the clinical potential to
inform HCC treatment regimens, liver dose tolerances,

and functional tissue avoidance planning constraints.

33 | 23 septembre 2022
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Balistique pour proteger les tissus fonctionnels

LC patients with PE
treated with RT
(n=10)

PE volume > 5% of PE volume < 5% of
lung minus PTV lung minus PTV
volume volume

Structures transfer
to the contouring
software

800 %(3392GY) B 600 % (2544 GY)

700 %(29.68GY) W 500 % (21.20 GY
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6. Nouveaux concepts : Fractionnements spatio-temporels
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FLASH : Technical parameters for delivery

(Ideal) Pulsed FLASH-RT delivery
s - - ks .
Dose rate
wnt;u?sthe Dose-per-pulse _ Pulse , Dose rate within
uise > - .
(= 106 Gy/s) (21 Gy) duration the pulse
2
8 1 2 g| Toaldose _ oo per-pulse x n
g (Ed0gy) ® oo peRtEREn
I O
T =
; Mean dose rate _ Total dose
: (2100 Gy/s) Total delivery time
- ALy //
Pulserate’  Puise Time ;
IL(= 100 Hz) duration Total delivery time !
"""""""""""""""""""" (=0.18) o
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Contents lists available at ScienceDirect

Radiotherapy and Oncology

journal homepage: www.thegreenjournal.com

Review Article

Clinical translation of FLASH radiotherapy: Why and how? M)

Check for

Jean Bourhis *>*, Pierre Montay-Gruel *°, Patrik Gongalves Jorge *><, Claude Bailat ¢, S

Effet différentiel en radiothérapie

—“t—Fractrommertadose——

3. FLASH : Réduire la durée d’irradiation (>40Gy/s), séance unique

Isoefficacité = >

v’ stériliser les marges opératoires

v Diminuer le risque de rechute locale

v Diminuer le risque de rechute métastatique (R1/R2
v Réduire la toxicité digestive de la radiochimiothérapie

37
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Radiation Oncology in 2022 : FLASH is the step forward

FLASH protons, VHEE

\

1.0 A
TCP NTCP 1009 TCP
Complication rate-large
Probabilit s 80 4 E / volume (e.g., 3-D CRT)
robability - 0 !
Probabilit ) _ i
£ of of ’ 3E g by
= tumour il 52 & 60 ' F NTCP
S 05 e complications| £ § : E i P
3 contro g & Therapeutic gap = L
£ S8 5 %
=9 ST o i i 1
EG = : ¢ i
— 20 i /’ 4 Complication rate-small
i s 4 ! ‘volumc (e.g., IMRT or protons
| 0 ’I’ : .
. 20 40 60 D,, 80 100
0 50 100 150 . b
Dose Tumour dose (Gy)

Dose (Gy) \

FLASH electrons
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FLASH program

Radiotherapy and Oncology 139 (2019) 18-22
Contents lists available at ScienceDirect

Radiotherapy and Oncology

ELSEVIER journal homepage: www.thegreenjournal.com

First in Human
Treatment of a first patient with FLASH-radiotherapy

Jean Bourhis":"»*, Wendy Jeanneret Sozzi*, Patrik Gongalves Jorge "<, Olivier Gaide fj,

100

Ultrahigh dose-rate FLASH irradiation increases
the differential response between normal
and tumor tissue in mice

Vincent Favaudon,'?* Laura Caplier,*" Virginie Monceau,** Frédéric Pouzoulet,"?*
Mano Sayarath,'?" Charles Fouillade,"? Marie-France Poupon,’?'
Isabel Brito,%” Philippe Hupé,®”®° Jean Bourhis,**'° Janet Hall,'?

Jean-Jacques Fontaine,® Marie-Catherine Vozenin®*'%"

@ 16 S month

dose,
&

—— 250 MeV VHEE
~—— 6 MeV photons
~— 150 MeV protons
— 15 MeV electrons

I n St I t U t Fig. 1. Temporal evolution of the treated lesion: (a) before treatment; the limits of 00
thPTV are delineated in black; (b) at 3 weeks, at the peak of skin reactions (grade 1 o ) A

epithelitis NCI-CTCAE v 5.0); (c) at 5 months.

Curie T superficielles

1X15Gy (10 pulses of 1ms)

T T T
150 200 250
depth (mm)

T profondes

300

=  VHEE
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FLASH protons/VHEE : A changing paradigm

>90% Local control <70% Local control
<10% severe toxicity >20% severe toxicity

LIVER

BEFORE THERAPY

LUNG

PANCREAS

>
o
<
o
w
L
=
14
w
[
S
<

Stage I/Il Stage lll
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Minibeam radiation therapy + Protons and their specific

physics and biology

\ J
|

Proton minibeam radiation therapy
Prezado et al. Med. Phys.2013

First implementation worldwide at a Orsay proton therapy centre (l. Curie)
(Peucelle et al., Med. Phys. 2015)
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Standard PT =le= Controls
100

_ =t Standard PT
D (%) g I—I.I

Z —— pMBRT
100 = I
75 2 50 -
S50 % LI
25 -
o (0} T T T 1

(0} 50 100 150 200
Days after implantation
D (%) PMBRT = 67 % of long-term survivals
oo

k (free of tumor).
75
50 .
e Among the best results ever obtained
o with radiotherapy alone

25 Gy/one fraction Prezado et al., Red Journal 2019
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« Les médecins administrent des
médicaments dont ils savent tres peu,
a des malades dont ils savent moins,
pour guérir des maladies dont ils ne
savent rien. »

Voltaire (1694-1778)

@D

Gilles Créhange - La radiothérapie : principes, indications, mécanismes d’action et complications icnstit_ut
urie



