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* Diminution significative du volume des
organes critiques recevant plus de 70%
de la dose prescrite :

\ 34% du volume de vessie

\ 15% du volume d’intestin gréle

* Meilleure couverture du volume cible

Gerstner N et al . Radiother Oncol 1999:51:71-8

Radiothérapie 2D
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mais

- Augmentation du volume de rectum
recevant plus de 70% of the
prescribed dose

Gerstner N et al . Radiother Oncol 1999:51:71-8
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La radiothérapie conformationnelle
avec modulation d’intensité
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Etudes dosimétriques

Etudes cliniques concernant I'impact sur la toxicité

Etudes cliniques concernant I'impact sur le controle
local et la survie.

AN

E':!-R--!:! FACULTE DE MEDECINE



Table 2 Pooled-average volumes irradiated (%) of IMRT and 3D-CRT in different risk organs and the publication bias

Organs Irradiated MNo. of No.of Pooled volume irradiated, % (95% Cl)  Egger's p-value  Begg's p-value  Studies trimmed Adjusted volume irradiated, % p-value*
dose, Gy studies  cases IMRT” 3D-CRT* IMRT" 3D-CRT* IMRT 3D-CRT* IMRT™ 3D-CRT* IMRT” 3D-CRT*
Rectum 10 7 93 93.10 96.80 0015 0211 1.000 0.881 4 /A 87.70 A 0.308
(83.80-97.30) (90.00-99.00)
20 7 93 8780 97.50 0303 0406 0.327 0624 /A /A /A /A 0.077
(73.70-94.90) (90.50-99.40)
25 5 76 90.00 9740 0045 0.142 0.368 0.652 3 /A 86.00 /A 0101
(79.90-95.30) (89.30-99.40)
30 7 93 6800 0440 0108 0437 0.086 0.807 /A /A /A /A 0.004
(56.60-77.50) (86.20-96.80)
35 4 66 61.80 8880 0100 0071 0.071 0.051 2 N/A 5500 N/A 0.040
(48.80-73.30) (74.70-9550)
40 7 93 4810 8540 0030 0052 0.174 0.308 /A 3 /A 80.10 0.002
(26.90-70.10) (74.40-9220)
45 8 m 3130 7080 0462 0001 0.368 0.024 /A 3 /A 6210 0.006
(13.20-57.70) (59.60-80.00)
Small bowel 5 5 102 9720 96.70 0001 0.271 0.076 1.000 1 /A 96.70 /A 0.831
(90.90-99.20) (89.50-99.00)
10 8 129 8860 90.00 0004 0020 0.226 0.009 4 3 8250 8620 0.795
(79.00-94.20) (81.30-95.00)
15 6 1nz 8590 8610 oom 00m 0.060 0.080 2 1 8030 8380 0.985
(74.40-92.70) (75.00-92.80)
20 8 129 7230 7820 0637 00m 07m 0.009 N/A 3 N/A 7180 0.319
Yan g B et al. Radiat (63.70-83.70) (66.90-86.50)
25 6 1nz 6220 73.90 0036 0114 1.000 0.080 3 N/A 7740 N/A 0431
Oncol 20 12:7:197 (44.00-77.50) (49.10-8930)
30 8 129 4370 5480 0133 0062 0.216 0.108 N/A N/A N/A N/A 0.186
(35.00-52.80) (34.30-73.80)
35 5 102 3660 5060 0076 0002 0.050 0.027 N/A 0 N/A 60.80 0.137
(27.70-46.60) (27.50-73.40)
40 8 129 2470 4250 0049 0005 0.266 0.035 3 2 2810 5810 0.043
(17.30-34.10) (24.00-6340)
45 9 147 1860 3590 0008 0000 0.076 0.0 4 4 2070 5580 0.012
(12.60-26.70) (21.90-52.80)




Table 2 Pooled-average volumes irradiated (%) of IMRT and 3D-CRT in different risk organs and the publication bias (Continued)

Bladder 10 6 80 95.50 9600 033 0001 0851 0133 N/A 2 N/A 9660 0871
(86.40-98.60) (83.40-98.70)
20 6 80 8890 9600 0151 0001 0707 0133  N/A 2 N/A 9660 0.169
(73.20-95.90) (83.40-98.70)
25 4 63 9090 9650 0015 0089 0497 2 N/A 86.00 N/A 0.258
(76.60-96.80) (87.30-99.10)
30 6 80 8120 9460 0227 0153 0133 0260  N/A N/A N/A N/A 0.079
(61.60-92.10) (83.80-98.40)
35 3 53 8050 8970 0936 0029 1000 0296  N/A 2 N/A 8500 0.39
57.70-92.70) (70.70-96.90)
40 6 g0 |7 5360 T T T7670T T o260 0176 0133 0133 NA N/A N/A N/A 0.090
| (3307280 (59108830) 1
45 7 T | 50.10 7930 Pooss 0005 oom1 0133 N 2 N/A 6470 0.062
L (31704850 — 54109260 |
Bone mamow 5 5 91/143 9520 9790 0833 0112 1000 0807  N/A N/A N/A N/A 0.501
(86.10-98.40) (8350-99.80)
10 6  101/153 8730 9550 0138 0276 0230 0133  N/A N/A N/A N/A 0129
(73.20-93.60) (86.00-98.60)
15 5 94/146 7410 9080 0005 0039 0624 0086 3 1 6830 9050 0191
(61.10-83.90) (80.50-95.90)
20 6  101/153 6740 6850 0165 0005 0368 0707  N/A 3 N/A 6340 0301
(47.50-82.50) (55.40-79.30)
25 4 61113 6230 8340 0319 0097 1000 0089  N/A N/A N/A N/A 0.061
(45.20-76.80) (66.50-92.70)
30 5 68/120 47.10 5940 0170 0004 0060 0027  N/A 1 N/A 6120 0.261
(3250-62.20) (44.00-73.50)
35 3 51/103 3680 5170 0065 0074 029% 1000  N/A N/A N/A N/A 0.307
(19.90-57.80) (3250-70.40)
40 5 68/120 " =AU T T T TR T | osse 0187 1000 0462 N/A N/A N/A N/A 0327
I 17504570 (265055.70) |
45 4 em3 1 1280 3100 0070 0099 0308 0089  N/A N/A N/A N/A 0.068
I 5002890 (180047.90)

" intensity modulated radiotherapy; * three-dimensional conformal. m%thapy;qp—aue-ﬁr cmparison difference of pooled volume irradiated between IMRT and 3D-CRT.
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RCMI pelvienne versus Irradiation conventionnelle 4 champs en boite

Toxicité aigué Gastro-intestinale 100°% g
100% !
80% 80%
60% |
40% oo |
20% |

0% 40%

0 1 2 3
Grade 20%
Toxicité aigué Urinaire 0% _ ,-_—. C mm

100% S o i 2 3
80% o Grade |
60 | Complications Gastro-intestinale
40% Mundt AJ. Gynecol Oncol 2001;82:456-463
S Mundt AJ. Med Dosim 2002;27:131-136

o 1 Mundt AJ. IJROBP 2002;52:1330-1337



CLINICAL OUTCOMES OF INTENSITY-MODULATED PELVIC RADIATION THERAPY
FOR CARCINOMA OF THE CERVIX

Table 2. Toxicity

Intact cervix (n = 89

Postoperative (n = 22)

All patients (n= 111)

Aucute Late Aucute Late Acute Late
Crastmintestnal [ (%]
Crade 0 26 (29 ol (69) 29 2021 28 (25) Al (73)
Crade 1 25 (28) 13 (15) 627 29 31 (2H) 15(14)
CGrade 2 37 (42} 11{12) 13 (5% LR S0 (45) 11 {1
Crade 3 101} 11} 1 (5) O () 2 (2} 11}
Crade 4 LLRLL)] 303 LERLLY LLETLY LLRLL) 303
Cenitourinary [a (%]
CGrade (0 53 (6l 69 (78] 15 (&H) 22 (1) G (61 Ol (82}
CGrade | 2427 13 (15) 3014 O () 27 (24) 13(12)
Crrade 2 12 (13) 21(2) < (18] 0 16 (14 2(2)
Crrade 3 LLR[L)] 303 LERLL) 0 LLRLL)] 303
CGrade 4 0 2(2) i (0 0 0 () 22
Hasselle MD et al : L

JROBP 2010, 80(5):1436-45. H
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Table 1. Patient and tomor characteristics for the IMET,
non=-IMRT, and total groups

Table 2. Distribution of recumrences for the IMRET, non-

IMRET, and tal groups

_|I'.l‘
Characteristic IMRT MNon=IMRET Todal Value Recurrence IMET MNon-IMRT Total p Value
Mean age at diagnosis (y) 2 32 32 Owerall 39(28.9%) 139 (43.8%) 178 0.036
Chemotherapy 1200 (R9%:) 262 (H3%) 449 (2238 Pelwvic 11 (8. 15) 33 (10.4%) 44
Slage 0.7003 Distant 21 (15.6%) 78 (24.6%) 44
Ia2 0 (0%) 2 (0.7%) 2 Both 7(5.2%) 28 (8.8%) 33
i1 20 (14.8%) 33 (10.4%) 53
b2 21 (15.6%) 56 (17.7%) 77 Abbreviation: IMRT = intensity-modulated radiation therapy.
Ia 3(22%)  7QR2%) 10
b 58 (43.0%) 126 (39.7%) 184
Il 2(1.5%) 2@06%) 4
I 29 (21.5%) 82 25.9%) 111 B
IVa 2(1.5%) TQ2%) 9 Rk -
IV 0(0%)  206% 2 . MRT

Histology 03710 8 i
Adenocarcinoma 13 (9.6%) 17 5.4%) 3 =
AdenosquAmous 2(1.5%) 9 2.8%) 1 2
Squamous 117 (86.7%) 286 (90.2%) 403 E 61 Non-IMRT i
Other I(22%)  5(1.6%) 8 o

Lymph nodes 0.0309 B A -
None 68 (50.4%) 131 (41.3%) 199 g
Pelvic only 41 (30.4%) 140 44.2%) 181 5 i
Para-aortic 23 (17.0%) 36 (11.4%) 359
Supraclavicular 3(22%) 10 (3.2%) 13 o p<0.0001 i
Abbreviation: IMRT = intensity-modulated radiation therapy. L L L N S

1] 20 A0 &l &0 100 120

Time (months)
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« If acute and chronic toxicities are the main outcomes of
Interest, IMRT may be considered over 3DCRT for women
undergoing radiotherapy for gynaecological cancer.

* If disease-related outcomes are the main outcomes of
Interest, there is insufficient evidence to recommend IMRT
over 3DCRT for women undergoing radiotherapy for
gynaecological cancers.
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D’Souza D.P. et al.Clinical Oncology 2012;24:499-507
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Intensity-Modulated Radiation

Therapy for Gynecologic Cancers:

Pitfalls, Hazards, and Cautions To Be Considered
Marcus E. Randall, MD, FACR,* and Geoffrey S. lbbott, PhD, FACR, FAAPM"

Intensity Modulated Radiation Therapy (IMRT) is considered a major advance in radiaton
therapy (RT) capability. Therefore, it has been rapidly accepted and implemented in the
treatment of multiple cancers in which RT plays a major role. Early reports of IMRT in
gynecologic cancers have been largely favorable, particularly in terms of decreased acute
morbidity. However, IMRT has not been prospectively shown to be superior to conventional
3-dimensional RT techniques when judged against criteria established in advance. Further-
more, there are many reasons to consider the possibility that outcomes might be compro-
mised by IMRT techniques used to treat gynecologic cancers. This article reviews the
potential pitfalls and hazards of IMRT techniques on patient safety and treatment efficacy.
In addition, the article describes multiple technical issues with IMRT implementation,
arguing for caution in IMRT use.

Semin Radiat Oncol 16:138-143 © 2006 Elsevier Inc. All rights reserved.

KEYWORDS Intensity Modulated Radiation Therapy (IMRT), radiation-induced malignancies,

organ motion, target motion, radiobiology of IMRT
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La définition et la délinéation des volumes
Col utérin
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« CTV=CTVT +CTVN
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« CTV = la tumeur macroscopique définie par ’examen
clinique et 'IRM (GTVT)
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+  CTVT=GTVT

et

Le compartiment Utérovaginal
comme produit de difféerenciation
du bourgeon Miillérien:

- Uterus + annexes

- Parametres
- vagin

Fig 1. Graphical representation of the uterovaginal compartment established as the
differentiation product of the Mitllerian anlage in the female pelvis. In this drawing the
pelvic peritoneum, the right distal adnexal structures and all fatty and lymphatic tissue
have been omitted to clarify the topographi anatomy. The uterovaginal compartment
is highlighted in green.

Hockel Met al . Gynecol Oncol 2010;117:401-408 = 4l s



« Si pas de lésion macroscopique
vaginale : 1/3 supérieur du
vagin

- Si atteinte du 1/3 supérieur : 2/3
supeérieur du vagin

- Si atteinte au dela du 1/3
supérieur : vagin en totalitée
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Lim K et al. IJROBP 2011;79:348-355 s FACULTE DE MEGECNE






/ Distal para-aortic

/ Sub-aortic/presacral

/ Common iliac
Internal iliac
‘/A/ External iliac

CTVN = Ganglions
macroscopiqguement envahis
détectes par le(s) meilleur(s)
examen(s) d’imagerie + ganglions
a haut risque d’envahissement
microscopique

[ CHRUL’/ : ooyt
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CTVN

— Les ganglions ilio-obturateurs
— Les ganglions iliaques primitifs (commun)




S| envahissement lombo-
aortique : OUI

 Irradiation prophylactique : ?




]

« Si envahissement ganglionnaire iliaque et/ou envahissement
du parametre distal ou du ligament utéro-sacré ou si la
tumeur a un developpement tres postérieur




« Si envahissement
macroscopique du 1/3
inférieur du vagin







De l'interligne (niveau de I’artére mésentérique supérieure) a la bifurcation aortique
* Partie supérieure : de I’artére mésentérique supérieure a la veine rénale gauche
+ Partie moyenne : de la veine rénale gauche a I’artére mésentérique inférieure _

+ Partie inférieure : de I’artére mésentérique inférieure a la bifurcation [ortiqggﬁ_t:! - .o

FACULTE DE MEDECINE
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Aire lombo-aortique




Aires illagues o lliaque interne

* ”la_que _p”ml_tlf . VX épigastriques De la bifurcation iliaque le long
De la b'_furcat!on ?_Ornque a inférieurs profonds des vaisseaux
la bifurcation iliaque hypograstriques,
N i obturateur jusqu’au
Illaque. externg niveau des tissus para-
De la bifurcation iliaque a la vaginaux

partie supérieure des
tétes fémorales (ou au
niveau des vaisseaux
épigastriques inférieurs
profonds)

FACULTE DE MEDECINE
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Espace pré-sacre




Table 4. Recommend modifications to margins

Lymph node group Recommended margins®

Common iliac T-mim margin around vessels; extend
posterior and lateral borders to
psoas and veriebral body

External iliac T-mim margin around vessels: extend
anterior border by additional 10-
mm anterolaterally along iliopsoas
muscle o include lateral external
iliac modes

Crbturator Join external and internal iliac
regions with 18-mm-wide strip
along pelvic sidewall

Internal 1liac T-mim margin around vessels: extend
lateral borders to pelvic sidewall
Presacral | 0-mm strip over aniernor Sacrum

* Also include any visible nodes.

oIV

FACULTE DE MEDECINE
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Taylor A et al. IJROBP 2005;63:1604-1612



External-internal iliac nodes common iliac nodes Para-aortic nodes

Small W et al. IJROBP 2008;71:428-434
chru B AN
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La définition et la délinéation des volumes
Post-opeératoire
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*  Voute vaginale et tissus perivaginaux jusqu’a la paroi pelvienne.
 Longueur de vagin en fonction du stade clinique
« la2cmdetissus au dessus de la voute en excluant les organes a risques.

[ CHRUL’/- : ooyt
FACULTE DE MEDECINE

Small W et al. IJROBP 2008;71:428-434







* \essie

 Rectum

- Sigmoide

- Cavité péritoneale

- Tétes Fémorales

* Moelle osseuse

* Reins et moelle épiniere si irradiation lomboaortique

http://www.rtog.org/CorelLab/ContouringAtlases/FemaleRTOGNormalPelvisAtlas.aspx.

cHif o
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http://www.rtog.org/CoreLab/ContouringAtlases/FemaleRTOGNormalPelvisAtlas.aspx

« Moelle osseuse du bas peIViS : « Moelle osseuse des ailes
pubis, ischion, tétes femorales illagques

- Moelle osseuse lombo-sacrée

CHRU o

FACULYE DE MEDECINE

Mell, L. K et al.. Int J Radiat Oncol Biol Phys. 2008; 71: 1504-10 —— - -



l Assessed for eligibility ( n =63) |

Excluded n=19
N Not meeting inclusion
criteria n=14
Declined to Participate
| Randomized ( n =44) l n=§
Allocated to WP-CRT (n=22) Allocated to WP-IMRT (0=22)
Received WP-CRT(n=22 ) Recerved WP-IMRT (n=22)
Lost to follow up n=0 Lost to follow up n=0
Discontinued intervention n=0 Discontinued intervention n=0
Analyzed ( n=22) Analyzed ( n=22)
Excluded from analysis n=0 Excluded from analysis n=0

Table 3  Acute gastrointestinal and genitourinary toxicity in WP-CRT and WP-IMRT arms

Toxicity WP-CRT arm, n (%) WP-IMRT arm., n (%) P value Effect size 95% CI of the difference
Vomiting grade >2 8 (36.4) 29.1) 034 0.273 0.016 to 0.521
Vomiting grade >3 1 (4.5) 1 (4.5) 156 0 —0.135 to 0.131
Gl grade =2 14 (63.6) 7 (31.8) 034 0.318 0.002 to 0.604
Gl grade =3 6 (27.3) 1 (4.5) 047 0.228 0.003 to 0.447
GU grade >2 7 (31.8) 5 (23.8) 404 0.08 —0.202 to 0.361
GU grade > 3 3(13.6) 0 (0) 125 0.136 —0.019 to 0.291

Abbreviations: Gl = gastrointestinal; GU = genitourinary; WP-CRT = conventional whole pelvic radiation therapy; WP-IMRT = whole pelvic
intensity modulated radiation therapy.

Ghandi AK al. IJROBP 2013, 87(3):542-548.



« Recul médian 21,6 mois

« 3récidives locales
2 WP-CRT
1 WP-IMRT

« 4récidives a distance isolées
1 WP-CRT
3 WP-IMRT

« 2récidives locales et a distance
1 WP-CRT
1 WP-IMRT

Ghandi AK al. IJROBP 2013, 87(3):542-548.

DFS

q 100_——1'_‘
=~ 90°F -
£ gl g e
g 7l i RT Modality
0 - E — WP-CRT
a &0 0 b= e WP-IMRT
.g 50
2 40t
- s
w 30'1 L L 1 L L L L

0 5 10 15 20 25 30 35

Time (Months)

Number at risk
Group: WP-CRT

22 21 20 17 12 4 1 0
Group: WP-IMRT

Z 21N Te 249

Fig. 2. Disease-free survival of WP-CRT and WP-IMRT arm.
Abbreviations: DFS = disease-free survival; RT = radiation
therapy; WP-CRT = whole pelvic conventional radiation
therapy; WP-IMRT = whole pelvic intensity modulated radiation
therapy.

E':!-R--!:! FACULYTE DE MEDECINE
T - | B .



« 2 essais de phase |l
Essai RTOG0418

« 43 patientes : 28% ont développé des effets secondaires aigus
digestifs de grade 22

Essal RTCMIENDOMETRE

« 49 patientes : 27% ont developpé des effets secondaires aigus
digestifs de grade 22

Jhingran A et al. Int J Radiat Oncol Biol Phys 2012; 84:e23-e28.
Klopp AH et al. Int J Radiat Oncol Biol Phys ; 86:83-90. crru B~ IV
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Cervical patients

p=0.025 p=0.022
80 = | I I_\*
2
= 604
8
ko]
Q 40+ Il V40 <37%
E ] Vv40>37%
o 204
& .
0 1] L)
& 4
° F
véo x\é)
q; v

Fig. 3. Rates of hematologic toxicity and leukopenia in patients
with cervical cancer with V40 greater than or less than the median
value (37%). P<.05 by 7 test.

Klopp AH et al. [IJIROBP 2013, 86(1):83-90.

La réduction de la toxicité hématologiue
est un enjeu dans le cadre des traitements
par radio-chimiothérapie concomitante, et
dans la perspective d’une prescription de
chimiothérapie adjuvante pour améliorer la
survie

Les résultats de I’essai RCMI post-
opératoire RTOG0418 démontrent que
I’épargne de la moelle osseuse avec la
RCMI permet de réduire la toxicité
hématologique

Le volume de moelle osseuse recevant 40
Gy ou plus est un facteur de risque
significatif du développement de la toxicité
hémotologique

cHif o
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Selon le rapport ICRU 50-62
100% du CTV doit recevoir la dose prescrite

Le PTV ne doit pas recevoir moins de 95% de la dose prescrite et
pas plus de 107%

Mais en modulation d’intensité on peut accepter une hétérogénéité plus
Importante pour le PTV

95% du PTV ne doit pas recevoir moins de 90% de |la dose prescrite,
5% ne doit pas recevoir plus de 115% de |la dose prescrite et 1% plus
de 120%

Comment rapporter la dose
D98% (near minimum dose)
D50% ou Dmédiane
Dmoyenne
D2% (near maximum dose) [ ool A
Dv v= % de volume important dans le contexte.



- Les contraintes habituelles vessie/rectum ne s’appliquent pas car la
dose délivrée est de 50 Gy ou moins en irradiation externe.

Paivis
Vesse VB0 Gy < 50% ; VIOGy<25%
Rectum vol Gy < 50% V70 Gy < 25%
V74 Gy < 5%
Canalanal Dmaxsurioutlecanaldb Gy @
Tétes femorales V50 Gy < 10%
Us en géneral ) max 60 Gy

- EN RCMI
D2% = dose prescrite et V45Gy < 40% pour le rectum, sigmoide et la
vessie
V45Gy < 300-350 cc pour la cavité péritonéale

V40 Gy = 37% pour la moelle osseuse



« 2003-2012: 61 patientes

Schéma de traitement :
« 45 Gy/1.8 Gy/ fraction champs étendus

« 55 Gy/2.2 Gy/ fraction SIB sur les ganglions
hypermetaboliques

« CDDP hebdomadaire

179 ganglions
* 67% pelvis , 33% pelvis + lombo-aortique
« Taille moyenne : 1.8 cm

Resultats
 Réponse Complete a 12 semaines : 77%
 Recul Médian: 29 mois

3% de tumeur résiduelle ou de récidive
4% 2 grade 3 toxicité gastro-intestinale (CTCAE-4.0)

Vargo JA et al. Int J Radiat Oncol Biol Phys 2014:90:1090-1098 [ e B
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Intensity modulated radiotherapy in gynecologic cancers: Hope, hype or hyperbole?
Aaron Wagner ?, Anuja Jhingran °, David Gaffney **

# Department of Radiation Oncology, Huntsman Cancer Institute, University of Utah, 1950 Circle of Hope, Rm 1570, Salt Lake City, UT 84112, USA
b Department of Radiation Oncology, Division of Radiation Oncology, The University of Texas MD Anderson Cancer Center, 1515 Holcombe Blvd, Houston, TX 77030, USA

HIGHLIGHTS

» IMRT's use in gynecologic cancer is evolving
* The use of IMRT in postoperative gynecologic cases should be considered
» Care must be taken with the use of IMRT secondary to unique planning concerns.

ARTICLE INFO ABSTRACT
Article history: Significant advances have occurred within the field of radiation oncology within the past few decades. Treatment
Received 14 March 2013 with external beam radiotherapy has progressed from treatment fields planned from bony anatomy seen on pla-

Accepted 22 April 2013

) , , nar X-rays, to 3-dimensional planning utilizing fused MRI's and PET images. Recently, intensity modulated radio-
Available online 28 April 2013

therapy (IMRT) has been integrated into many areas within radiation oncology, and its role in the treatment of
gynecologic cancers is evolving. Potentials exist for improvements in both treatment toxicity, as well as improved

ﬁgﬂms. efficacy through advances in treatment delivery. Unique challenges are also raised, however. With increased accu-
Gynecologic racy of treatment delivery comes the need for greater accuracy in target delineation and incorporation of motion to
Cervical prevent marginal misses. The goal of this review is to evaluate the use of IMRT in cervical and endometrial cancers,
Endometrial including the results of dosimetric and clinical studies to date. In addition, potential disadvantages and challenges

of IMRT integration are discussed.
© 2013 Elsevier Inc. All rights reserved.

e oo e FACULTE DE MEDECINE
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No immobilisation

X Y Z
axis axis axis

76.5 40% 65.5
% %

5<d= 7.5 125 PACRS) 73.5
% % %

7.5 <ds
10

4.5% 24% 20%

>10 6.5% 12% 1%

No immobilisation

0.7+/- 2.7
-5.5+/- 2.6
-0.9+/- 2.2

Alpha craddle mattress

X axis X axis Z axis X axis

88.5% 79% 100% 84%
7% 13% 0% 15%

3.5% 6% 0% 1%

1% 2% 0% 0%

Mean displacement in mm

Alpha craddle mattress

0.8+/-1.7
-2+/-2.7
0.3+/-0.4

Orfit cast

X axis

84%

16%

0%

0%

Orfit cast

0.3+/-1.4

-0.5+/-1.1

0.5+/- 0.6

Z axis

97.5%

2.5%

0%

0%

Contention utile mais a discuter au regard
de la balance colt-bénéfice

Mitine C et al . Radiother Oncol 1999:52:19-27
Stroom J et al. IJROBP 2000:46:499-506

lateral set-up deviation (mm)

15

-15

15

15

before on-line corrections

-20 =10 0 10 20

-20 -10 0 10 20

cranio-caudal set-up deviation (mm}

Procédure de vérification
Off-line : 7to 10 mm

Procédure de vérification
On-line: 3to 5 mm

[ CHRUL’/ : ooyt
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Differences full vs
empty organs

Median Cl195%

Cervix lower 4 mm [-1;6]
margin

Margins

Ant

post

Corpus ant 5mm [0;9]
margin

sup

inf

Corpus upper 7 mm [3;15]
margin

Lat right

Buchali A et al. Radiother Oncol Lat left
1999:52:29-34

Van de Bunt L et al ;: Radiother
Oncol 2008 88:233-240

[ CHRUL’/ : ooyt
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a0
&0
g 7 = 10mm
E‘ 30 B 15mm
i
LL
10
D_
] 10 20 30
% Vaginal CTV ocutside PTV
« déplacement en anterieur et posterior (max 2,3 cm)
e 1.8cmen lateral et 1,5 cm en cranio-caudal
AN

E':!-R-H FACULTE DE MEDECINE

Jurgenliemk-schultz | et al : Radiother Oncol 2011;98:244-248 — -



Prévention ?

Correction ?

Adaptation ?

FACULTE DE MEDECINE
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Patient A Patient B Patient C , PatientD

Table 2. Percentage of fractions and volume missed as a function of uniform margin around the clinical targat volume

Mean % of fractions missing (range)

Mean 9% of fmctions Mhean volume Tt of mean

Margin (numn) missing (range) missaed (co) (range) volume missed (range) Cervical region Fundus region
0 LOWH { LOR— L OKNy 45 (15112} 10 (328} 95 (75-1{K0} LORD ( 1OR— 100y
3 99 (921 0d) 25 (1084 6 (2-21) B (541000 BO (33106}
5 95 (73110 20(5-72) 401-18) 65 (251000 B (5 1{W}}

7 B7 (54-1{K1) 14 ((-62) 3(0-16) 50 (0104 70 (0100}

L1 A9 (01000 9 (46 2 0=12% 36 (0100 A4 (9]

15 32 (0-—-100) 4 (0-21) 1 (0-5) 19 (0—10)) 22 (D-73) |

20 19 (0-100) 2 (-8} 0(0-2) L1 (088 [T (058}

25 14 (083} 1 (0-—4) 0(0-1) 7T (059 7 (0-33)

30 T(0-33) 0 (0-2) 0 (04 1 (0-6) 4 (0-17)

35 2(0-13) 0 (0-1) 0 (0-—0) 0 (0-—0) 2(0-13)

440 0 (0-0) 0 (00 0 (0 0 (04 0 (0

Tyagi N et al. | Int J Radiat Oncol Biol Phys 2011;80:273-80 CHRUTF oo e

Jadon R et al 2014 Clin Oncol 2014;26:185-96 T - -



Marge du PTV : 15 mm

Marges 2 10 mm = Augmentation du volume d’OAR dans le PTV
mmm) Réduction de I'impact de la RCMI ?

Table 2. First plans on intratreatment magnetic
resonance images®

Average
volume in cc Conventional Conformal IMRT
Bowel 601 (115-1456) 425 (53-837) 234 (28453 CTVT au PTVT =15 mm
Bladder 02 (19-245) 83 (12-209) 58 (7-115)
Rectum 100 (27—-188) 83 (22—-156) 7520-145) CTVN au PTVN =10 mm

Abbreviation: IMRT = intensity-modulated radiotherapy.
* Average volumes of the critical organs of all patients receiving
95% of the prescribed dose (range between brackets).

CHRU FACULTE DE MEDECINE

SEPTIRGE DN TR

Van de Bunt L et al. Int J Radiat Oncol Biol Phys 2006;64:191-196 —— -



Régime ? Instructions pour le remplissage de la vessie ?

Le traitement avec la vessie pleine permet de mieux epargner les anses
intestinales

Mais: Il est difficile d’obtenir un remplissage vésical constant

curu B > AN

e oo e FACULTE DE MEDECINE

Jhingran A et al. Int J Radiat Oncol Biol Phys 2012;82:256-262 ——— - =



« Correction




Uterus

111

% Deform to corresponding pre—treatment mesh |

I
| |

Planning
(pre—treatment)

Week 4 Week 5

Fig. 2. Sagittal view of surface mesh deformation. Weekly meshes for the bladder, upper vagina, gross tumor volume
(GTV), cervix, uterus, rectum-sigmoid. and pelvic bone (not shown) were deformed to their pretreatment mesh to provide
an anatomical correspondence between the planning and weekly geometries.

« 15 patientes : la replanification hebdomadaire améliore la couverture
des volumes cibles

 Procédure tres chronophage pas applicable en routine

[ CHRUL’/ FACULTE DE \.:»:-,i. NE

Stewart J et al. Int J Radiat Oncol Biol Phys 2010;78:350-8.



1t series
(pre-treatment)

2" series
(after 40 Gy)

Fig. 1. Variable bladder filling CT-scans (sagittal view) for one patient. Contours: cervix-uterus (black) and bladder (white). First row: pre-treatment series, second row:
after-40 Gy series. (a) One hour after drinking 500 m! of water. (b) Empty bladder CT-scan. CT-scans with naturally filling bladder acquired after (¢) 20 min, (d) 40 min, (e)
60 min from the acquisition of (b) and drinking 300 ml of water.

Tﬂhl.e I\"[argiﬂs ﬂnd mrl't::i[.l(_lllulllg Ll VEl0-r LY VOILTNG 100 VATTOUSs SIdaicgics

% Patients with

Strategy Description Margin {mm) CTV-to-PTV volume (ml) coverage =959
Full-range mbPTV Individualized nonadaptive 7 819 + 161 90
Library of subrange mbPT Vs Individualized online adaptive

Two subrange mbPTVs 7 764 £ 165 90

Three subrange mbPTVs 7 747 + 169 90

Daily mbPTVs 10 735 £ 172 90
Population-based PTV Population-based nonadaptive

Large margin 38 1702 £ 274 90

Small margin 16 831 £ 172 64

Abbreviations: CTV = clinical target volume; mbPTY = model-based planning target volume; PTV = planning target volume.
Last column indicates the percentage of patients for which at least 95% of the average cervix—uterus volume (over the number of the test computed
tomography scans) was inside the PTV.

Bondar ML et al. Radiother. Oncol 2011;99:240-245 churull P

riace e Sum FACULTE DE MEDECINE

Bondar ML et al. Int J Radiat Oncol Biol Phys 2012;83:1617-1623 s - - -
Heijkoop ST et al. Int J Radiat Oncol Biol Phys 2014;90:673-679



Hypothése :

La curiethérapie permet de compenser les incertitudes de couverture du volume cible

de la RCMI



. ]

« Cancer du col en place

— Marges 15 mm = 20% de risque de mal couvrir le fond utérin =le
fond utérin recevra 36 Gy et non pas 45 Gy

— Lacuriethérapie utéro-vaginale délivrera 15 Gy au CTV arisque
iIntermédiaire qui comprend le fond utérin

— Au total le fond utérin recevra 36+15=51 Gy

* Voute vaginale en post-opératoire

— Marges 15 mm =5 % de risque de mauvaise couverture=la voute
recevra 42 Gy au lieu de 45 Gy

— La curithérapie de la voute délivrera une dose eqD2Gy dose of 10 Gy
— Au total la voute recevra 42+ 10=52 Gy

FACULTE DE MEDECINE
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La radiothérapie en conditions
stéréotaxigues



E 30 patientes ayant présenté une
récidive lombo-aortique isolée aprés
traitement pelvien initial d’'un cancer
du col (28 patientes) ou de
I'endomeétre (2 patientes).

B Temps moyen de survenue 22 mois
(3-81mois)

B 2 patientes on recu une
chimiothérapie néo-adjuvante, 9 une
chimiothérapie concomitante et 14
une chimiothérapie adjuvante

Choi et al. Int. J. Radiat. Oncol. Biol. Phys.2009;74:147-153.

labke 2. Radiation dose and estimated comventional
radiation therapy dose

Readiation dose (Gy)

Fractions of  Mo.of  FTY

EBRT SERT SHET panents  jraly NTDgy,
45 13 | 1 7.4 &0
275 M-33 i 5.5-542 TI-M

33375 1 12 1.7-5235 358-TO
n 3 56573 75
4245 3 1 1317 BN

Abbreviations: FBRT = exemal heam mdistion  therpy;
N1y, = nomalized toial dose m 2-Gy fraction; FTY = planning
fargel wl.u:u. SBRT = stereciactic body mdiabon therapy.

lable 3. Chemotherapy regimen

Regumen Mer, aof patients

Pachtaxel, cruplatm Iy
Topotecan, ceplatin
SFluorourscil, uL-.FllHlm
Inmcieean, cisplatin

Cusprlatin, adnamyen, paclitacel
Cisplatin

Mome

[ 3 S




Choi et al. Int. J. Radiat. Oncol. Biol. Phys.2009;74:147-153.

15 mois de recul médian

A 4 mois apreés traitement 65,5% de
RC, 31% de RP, 3,5% perdu de vue

Résultats non influencés par I'age, le
délai d’apparition de la récidive, la
dose pondérée a 2 Gy/fraction
supérieure ou inférieure a 70 Gy, la
chimiothérapie

Influence péjorative du volume
tumoral si supérieur a 17 cc iganglian
de 3 cm) sur le controle local et la
survie sans progression.,

Toxicité hématologique de grade 3
seulement chez 5 patientes,1 sténose
urétérale

100.0 -1

800 | .[I':lr_L, LI—|_‘ dyearLC ok 67.4%
—
—] '
d-pear OF e 50.1%
LW

400 b
dymar DPFS mis; 450

g

Chez les patients en RC & 4 mois © 4-year LT rate - 90.9%

D'Dﬂ 1 12 18 24 30 36 42 4R 54 BO

Monthe aftar SERT

100.0

E]
| FTU =47 mi; 400%
Bo.o |-
= B0
a
& annl P =107 mic St
‘ -
20.0
&= LM
a.0 1 1 1 1 1 1

4 B 12 1B 34 M 3 42 48 B4 ED
Months after SERT
Fiz. 3. Four-year local conrol (L.C) mate according to planning far-

et virlume (PTV). Of the patients, 16 had PTVs =17 ml and the re-
maining 13 patients hod FTV: =17 ml.



E Irradiation en conditions stéréotaxiques

1 FRACTION 3 FRACTIONS 5 FRACTIONS
RECTUM | Dmax =22 Gy Dmax =30 Gy Dmax =38 Gy
11-14 Gy dans moins 20 Gy dans moins 25 Gy dans moins
de 20000 mm3 de 20000 mm3 de 20000 mm3
COLON Dmax =22 Gy Dmax =30 Gy Dmax =38 Gy
11-14 Gy dans moins 20 Gy dans moins 25 Gy dans moins
de 20000 mm3 de 20000 mm3 de 20000 mm3
GRELE Dmax = 12 Gy Dmax =24 Gy Dmax =35 Gy
21Gy dans moins 21Gy dans moins
de 5000 mm3 de 5000 mm3
VESSIE Dmax =22 Gy Dmax =30Gy Dmax =38Gy

9 Gy dans moins
de 15000 mm3

15 Gy dans moins
de 15000 mm3

18 Gy dans moins
de 15000 mm3

Grimm et al J of applied medical clinical phys 2011;12:267-292)
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La RCMI doit étre considérée comme la technique standard d’irradiation des
cancers gynecologiques si

Elle est suivie de curiethérapie
Les marges CTV-PTV ne sont pas réduites
L'IGRT est utilisée de fagcon adaptée

La participation a des études prospectives doit toujours étre encouragée

La radiothérapie adaptative devrait permettre de minimiser la mauvaise
couverture du volume cible. Elle devrait permettre de réduire les marges et de
mieux protéger les OAR

L’irradiation en condition stéréotaxique a certainement une place a trouver dans
le cadre de I'’escalade de dose au niveau des ganglions envahis.

CHRU §17 ot
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