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=» Traitement étalé et fractionné

Henri Coutard

Congres International d’Oncologie, 1922

“des cancers du larynx peuvent €étre traités sans effet secondaire inaceptable
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Le rationnel au fractionnement
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Le rationnel au fractionnement
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Fractionnement et effet différentiel

e Sensibilité +++ des tissus a renouvellement lent <> systemes de
réparation =» a/ B faible (2-5 Gy)
> Tissus non compartimentaux (SNC, tissus conjonctifs)
> Responsables des effets tardifs +++
> Certains cancers (prostate, mélanome)

e Sensibilité (+/-) des tissus a renouvellement rapide (ex: tumeur) =
alpha/béta élevé (> 10 Gy)
> Tissus compartimentaux (hémato, épiderme, mugueuses)
> Responsables des effets précoces ou aigus
> Majorité des tumeurs (épithelioma)




Fractionnement et effet différentiel
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— + + Réparation complete des SLD
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The histopathologic evaluation of soft tissue changes in
GUSTAVE/ rabbit extremity after different dose-fractionation schemes

ROUS S/y\_ of interstitial high dose rate (HDR) brachytherapy

CANCER CAMPUS
GRAND PARIS

REPORTS OF PRACTICAL ONCOLOGY AND RADIOTHEEREAFY I 5 {2 oI O} 165—171

Fig. 1 — The irregular shape and diameter of vessels, Fig. 2 — The fibrin accumulation, necrosis and calcification
HE x400. in vessel wall, HE x40.

Fig. 3 — The necrosis in muscle tissue, HEx100. Fig. 4 — Atrophy and fibrosis of the muscle, HEx200.




Table 3 — The distribution of low and high grade of soft issue pathologies among study groups.

Study groups
A (n =10) B (n =10) ) A (n =10) C (n =10) B (n =10) C (n =10) p

5TP-1
Edema Ctrl 4x6Gy 13,5Gy
LG 8 4 2
HG 2 o 8
Inflammation
LG 2
HG 8
Endothelial proliferation
LG 10
HG _
MNecrosis
LG 9
HG 1

5TP-2

Muscle atrophy and deformation
LG 9 4
HG 1 =]

Calcification
LG [ B
HG 4 =]

Vascular hyalinization
LG 10 10
HG — —

Fibrosis
LG F ) 0.686 7 2 0.035° 2
HG 3 3 3 g g

S5TP: soft tissue pathologies; group A: control arm; group B: fractionated HDR arm; group C: single fractionated HDER arm; LG: low graW
high grade.
* p-=0.05, as statistically significant.
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- Cancer du col utérin

- 3 méta-analyses

Pas de différence




Do0 CTVHR
a - -

L’augmentation de la | BT modalty
dose par fraction est : =
un contre-sens +—t

biologique

—

interaction(BT.modality, variable)




Remise en question par:

i\/\_;%ncer :,‘ff\‘ Conformation accrue

Depth Repositionnement

Systemes de tracking

Faisceaux MV, protons

Curiethérapie

Particle-beam therapy
SBRT/SABR

Conventional 3D

Conventional 2D




Données biologique

Nouveaux outils

Concept oligo-métastatique

Escalade de dose
Remise en question du 2-Gy/fr.
RT part du traitement systémique

Sensibilité




Nouveaux outils

Causes d’échecs

Rechute dans le GTV: dose Rechute en bordure: volume
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SR Modifications du fractionnement

Schedule Total dose Dose/Fraction Fractions . LU M a M e Je Ve S a Dl LU M a
[Gy] [Gy] per day/per week

Conventional 60 2 1/5 . .

2 /7 - .
Hypofractionated 60 4 1/5 . [-
Accelerated Hypo. 60 4 1/7 - B I -
Hyperfractionated 60 1 2/10 ._._.._._._._._._.._. J
Accelerated Hyper. 60 1 2/14 5 i =
CHART 54 1.5 3/21
Split course 60 2 1/5

Accelerated Conv. 60

-
O

Concomittant boost 60 2 1-2/5-10

For better comparison of effects the integral dose for all runs has been chosen
to be 60 Gy (except for CHART treatment with 54 Gy). In order to test the results
of hypo- and hyperfractionation, extreme cases with doubled or halved doses
per fraction where chosen. A visualisation of the according fractionation
timings is presented in figure 4.

doi:10.1371/journal.pcbi.1003295.t002




Hyperfractionnement

e Cancers ORL (RTOG 9003):

1/ Stdd: 70 Gy 35 fr

2/ Hyperfractionnée 1,2 Gyl/fr, 2/}, 5j/7 = 81,6 Gy/68 fr/7 sem

3/ Accélérée 1,6 Gy/fr, 2/}, 5j/7 = 67,2 Gy en 42 fr/6 sem, dont 2 semaines de split

4/ Acceéléree boost conco 1,8Gy/f, 5j/7, boost de 1,5 Gyl/j les 12 derniers jours = 72 Gy, 42 fr

75
*w«, Accelerated Fractionation

‘\"—“—._,

Standard Fractionation
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Escalade de dose . S
P . Table 3. Worst acute adverse effects of radiotherapy A|gue
Accélération

Accelerated
Standard Hyper- Accelerated fractionation with

= Tox ai gu e ++ fractionation fractionation fractionation with split concomitant
(N = 268) (N = 263) (N = 274) boost (N = 268)

Grade Number of patients (Percent)

Maximum toxicity Gradel 12.(5) 903 20(7) 114
per patient _Grade? 154 57 102 (39) 113 (41 95 (36)
Grade3 94 (35) 142 (54) 133 (49) 155 (58)

~Orades ) Favy 512 Eavy)

Table 5. Frequency of Grade 3 or worse late effects at various times after treatment start Tardive

Accelerated
Standard Hyper- Accelerated fractionation with
Time after fractionation fractionation fractionation with split concomitant boost
treatment start
(months) Number of patients/Number of patients at risk (Percent)

6 26/248 (10) 351247 (14) 22/254 (9) 32/249 (13)
12 217191 (11) 25/187 (13) 15/198 (8) 20/196 (10)
18 7/145 (5) 20/160 (13) 14/146 (10) 9/150 (6)
24 7/111 (6) 17/135 (13) 9/116 (8) 10/128 (8)

=»Pas d’augmentation de la toxicité tardive
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e Cancer du sein:

> 50 Gy en 25 fractions et 5 sem vs 42.5 Gy en 16 fractions et 22 jours
> Ptes pNO, RO

| Table 2. Global Cosmetic Outcome, Assessed According to the EORTC Scale.*

Rating 5Yr

Standard Hypofractionated Absolute
Regimen Regimen Difference
(N=423) (N=448) (95% CI)

percert quaﬁcnts percentage points

Excellent 34.3 36.4

Standard Good
regimen

44.9 41.5

Local Recurrence (%)

Fair 17.3 19.0
Poor 3.5 3.1

, , , , , , , | Excellent or 779 1.3 (4.2 to 6.7)
4 5 & 7 8 9 good

Years since Randomization

MNo. at Risk

Standard regimen §12 507 578 562 550 553 400 485 470 440 410 317 218

Hypofractionated 622 609 592 569 548 524 500 472 447 430 406 330 214
regimen




GUSTAVE/ ) Ultra-hypofractionated versus conventionally fractionated
s/ \ H YPO fractionnement radiotherapy for prostate cancer: 5-year outcomes of the

HYPO-RT-PC randomised, non-inferiority, phase 3 trial

Conventional fractionation Anders Widmark, Adalsteinn Gunnlaugsson, Lars Beckman, Camilla Thellenberg-Karlsson, Morten Hoyer, Magnus Lagerlund, Jon Kindblom,
Ultra-hypofractionation Claes Ginman, Bengt Johansson, Kirsten Bjirnlinger, Mihajl Seke, Mdns Agrup, Per Fransson, Bjirn Tavelin, David Norman, Bjorn Zackrisson,
Harald Anderson, Elisabeth Kjellén, Lars Franzén, Per Nilsson

Lancet 2019; 394: 385-95

Pas pour objectif d’améliorer TCP/NTCP

Patient-reported problems

Failure free sum hval (%)

Treatment

—&— Corventional fractionation
—8— Ultra-hypofractionation

Non-adjusted HR 1-002 (05% C1 0-760-1-320), log-rank p=0-99
Adjusted HR 1.002 (95% C1 0758-1325)

T T T T T 1
304 5 3 I T
Number at risk Time from randomisation (years)
(number censored)
Corventional 591 433 332 242 171 108 67
fractionation (0) (108) (196) (273) (332) (386) (425)
Ultra- 589 408 325 242 160 113 71
hypofractionation () (125)  (196) (269) (342) (385) (423)

Symptom severity

42,7 Gy en 7 fr, 3 j/semaine, 2,5 sem. —
vs 78-0 Gy en 39 fr.

Number assessed
Conventional 464
fractionation
Ultra- 439
hypaofractionation
pvalue




Modifications du fractionnement

e Quels sont les VRAIS objectifs de I’hypofractionnement?
> Améliorer le contrble tumoral (a/f3 faible)? = Si escalade de dose
> Améliorer prédictivité de la dosimétrie
> Medico-économique

* Occupation des machines
* Reéduction des colts

> Nouveaux effets biologiques?

* Microenvironnement
 Immunomodulation

e Amélioration de I'index thérapeutique 22?




Modifications du fractionnement
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Oligo-progression
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Maladie oligomeétastatique

JAMA Oncology | Original Investigation

Figure 2. Analysis of Progression-Free Survival
Consolidative Radiotherapy for Limited Metastatic

Non-Small-Cell Lung Cancer
A Phase 2 Randomized Clinical Trial

< 5 métastases

Patients non progresseurs apres induction

Traitement / SABRT

100+

i)
=
=
=
=
w

SAbR plus maintenance

Maintenance only '

lﬁﬂ 260 3&0
Time, d
Mo. at risk
SAbBR plus
maintenance 14
Maintenance only 15

T 1
400 500

12

8 1 1 1

Log-rank testing reveals a statistically significant benefit in progression-free
survival for SAbR-plus-maintenance chemotherapy (hazard ratio, 0.304; 95%
Cl, 0N3-0.815; P = .01). SABR indicates stereotactic ablative radiotherapy.




Maladie oligomeétastatique

T. Primitive contrblée
1-5 métastases

Site of original primary tumour

Breast
Colorectal
Lung
Prostate
Other

5 (15%)
9 (27%)
6 (18%)
2 (6%)

11 (33%)

All patients
(n=299)

Control group
(n=33)

Stereotactic ablative radiotherapy versus standard of care
palliative treatment in patients with oligometastatic cancers
(SABR-COMET): a randomised, phase 2, open-label trial

13 (20%)

9 (14%)

12 (18%)

14 (21%)

18 (27%)
Stereotactic ablative

radiotherapy group
(n=66)

Prexression-free survival (%)

Adverse event grade =2
Related adverse event
grade =2

Adverse event associated
with death (arade 5)

LG (GB%)
72 (22%)

3(3%)

15 (46%)
3(9%)

0

40 (61%)
19 (29%)

HR 0-47 (95% C1 0-30-076)
Stratified bog-rank: p=0-0012

Control

3 (5%)

Number at risk
Contral 33
SABR 66

; ]
Time since randomisation (years)

3 1

15 6
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see-o%  Maladie oligomeétastatique

Oligométastases extra-craniales traitees par RT hypofractionnée guidée par imagerie
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Progression-free survival
Control of all treated metastases

12 24 36 48 60
Time (months)
Number at risk by time

12 24 36 48 60 12 24 36 48 60
Time (months) Time (months)

Number at risk by time Number at risk by time

<75 BED{104 79 48 27 14 8 <75 BED: 88 35 2 12 6 5 58 33 20 12 7

257 214 149 99 72 50 226 106 58 36 24 19 15 173 118 B3 60 38

0 12 24 36 48 60 0 12 24 36 48 60 12 24 36 48 60
Time (months) Time (months) Time (months)




Nouveaux fractionnements = Nouvelle biologie

HD / fractions & Effets vasculaires

Cellules endothéliales de tumeurs ou tissus sains
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Perspective immunologique et fractionnement

RT =» mort immunogénique = Réponse anti-génique immunitaire adaptative

adiation Lymphatic vessel

Tumor antigen & PD-1

MHC | D PD-L1
Teellreceptor (" Ani.CTLA-4
Activated T cells CDearse Anti-PD-1
cD28

Gt Y AntipD-LY
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Perspective immunologique et fractionnement

-8 |sotype ctrl
= aPD-L1

= IR

- IR + «PD-L1

10 0 30
Time after tumor challenae (d)

Tumor on the right flank treated
Tumor on the left flank measured
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Perspective immunologique et fractionnement

Effect of dose on abscopal response with anti CTLA4
9H10 = mouse anti CTLA4 antibody

600 -
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Peu de différences pour la T irradiée Différences ++ pour la T non irradiée




Perspective immunologique et fractionnement

X/

= cGAS-STING * Détecte la presence d’ADN cytosolique
s Immunité anti-tumorale via INFa/

Dying cells

B
W Antigen"..

cGAMP OO
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STING © sy |RF3 @é 2
TBK1 CD

CD8* T cell

IFN-a and IFNI-

IFN type |
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Synergy with anti-CTLA4/anti-PD-1

OQOOOQLOOD

NO synergy with anti-CTLA4/anti-PD-1




Stratégies d’immuno-radiothérapie des maladies oligo-métastatiques




Synthese

e Hypofractionnement
> Outil disponible
> |Infériorité biologique (sauf cas particuliers)
> Supériorité technologique
* Repositionnement++
* Marges
> Analyse colt/benéfice??

e Nouveaux enjeux / perspectives biologiques
> Maladie oligo-métastatique, stratégies curatives
> Radio-immunothérapie
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