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HISTORIQUE de la 
radiothérapie (1) 

1896 : premiers traitements des tumeurs 

1896 : découverte des propriétés radioactives 
de l’uranium (Becquerel) 

1898 : découverte du radium (P. & M. Curie) 

1901 : premières applications de radium à 
l’hôpital Saint Louis 

curiethérapie 



HISTORIQUE (2) 

1950 : télécobalt-thérapie 

1970 : premiers accélérateurs de particules 

1970 : radiophysique moderne 

1990 : radiothérapie conformationnelle

2000 : modulation d’intensité, suivi de cible 
(IGRT) et contrôle/suivi respiratoire

Innovations techniques majeures: meilleur ciblage de la dose 
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Unités en Radiothérapie 

L’unité  de  dose en radiothérapie est le 
Gray 

Le Gray (Gy) est l’unité qui définit la dose 
absorbée par l’eau ou un tissu 

Il correspond à une absorption d’énergie 
de 1 Joule/kg 

1 Gray = 1 J / kg 



Objectif de la radiothérapie 

Dose minimale dans les organes à risque de toxicité 

Dose maximale dans la tumeur 

Toxicité minimale Contrôle local maximal



Distribution de dose: Photons 
courbes de rendement en profondeur 

La profondeur du 
maximum de dose 

augmente avec l’énergie 
du rayonnement 

La dose diminue avec la 
profondeur de pénétration 

du faisceau 

Les photons ont un 
parcours infini 



Distribution de dose: Protons 
courbes de rendement en profondeur 

La dose est délivrée sous 
forme d’un pic (avant et 

après le pic peu et pas de 
dose) 

Les protons ont un 
parcours fini 



EFFET des 
RAYONNEMENTS 

IONISANTS 

RADIOLYSE DE L’EAU 
(70-80%) 

Les radicaux libres produits 
dans un cylindre de 2 nm 
peuvent atteindre l’ADN 

IONISATION DIRECTE DES 
ATOMES DE L’ADN (20-30%) 

2 nm 



Conséquences de l’Irradiation sur l’ADN  : 

• CASSURES DOUBLE BRIN 

= principales responsables de la létalité 

• CASSURES SIMPLE BRIN 
• Altération des bases 
• Destruction des sucres 
• Formation de pontages (inter-brins, intra-brins ou ADN-protéines…) 
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IRRADIATION 

Dommages moléculaires 

Réparation incomplète Réparation complète

Aberration chromosomique

Mutation

Mort cellulaire Cellule survivante avec mutations Cellule normale

Effet attendu sur le tissus
Effet attendu sur la cancer Cancer radio-induit sain



Utilisation de drogues en radiothérapie 

Drogues radio-
protectrices 

Dose minimale dans les organes à risque de toxicité 

Dose maximale dans la tumeur 

Chimiothérapie 

Toxicité minimale Contrôle local maximal



2. Redistribution dans le cycle cellulaire : 
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La radiosensibilité intrinsèque varie au cours 
de la progression dans le cycle cellulaire 

- Maximum en G2/M et à la jonction 
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Dose response curves

Therapeutic window:
Maximum probability of “Complication Free” Tumour Control



Unique Aspects of Pediatric Oncology

• Overall Prognosis is Good - 65% 
• Usually otherwise healthy patients 
• May have specific sensitivity to treatment

– CNS sensitivity
– Growth issues



Unique Aspects of Pediatric Oncology

• Long Term Survivors
– Second Malignancies

• Chemotherapy and radiation therapy
• Development and CNS function
• Cardiac, Renal, and Pulmonary Toxicity
• Reproductive Function



Cancer survivors



Key areas in discussing late effects
• Effects on sexual and reproductive function

– Ways to mitigate these

• Neuro-cognitive deficits
• Hormonal deficiencies and the need for hormone 

replacement therapy
• Effects on bone and soft tissue growth
• Effects on vision and hearing
• Risk of second malignancies



Incidence of second sarcomas: a cancer 
registry-based study (1976 - 2010)

• 107,238 first cancers/885,000 inhabitants: 126 
second sarcomas

• Hodgkin lymphoma (C81)
– First primaries: 735 
– Second sarcomas: 3 (0.53 expected)

• Standardized incidence ratio (SIR) all sites
• < 5 years [58(O)/36.0(E)]: 1.61
• > 5 years [68(O)/32.2(E)]: 2.11

Levi F et al, Cancer Causes Control (2014)



1952: First linear accelerator (Henry S. Kaplan in 
Stanford - California)

The first patient to receive radiation therapy from 
the medical linear accelerator at Stanford was a 2-
year-old boyHenry Kaplan, left, and head of radiologic physics 

Mitchell Weissbluth, the first physicist



Evolution of Radiotherapy after 2000: Improving 
conformality, precision, dose sculpting

J. Schreiner Kingston Regional Cancer Centre, Ontario

2D Planification

3D Conformal

IMRT



Good practice in paediatric
radiotherapy: ten key themes



Technical platform University of Lausanne 
Hospitals (CHUV)

Tomotherapy (2)

CyberKnife (1)

Elekta Synergy (1)GammaKnife (1)

Toshiba Aquilion



Protontherapy



Indications for proton beam therapy
(England)



Tomotherapy
•



Immobilisation devices

Thermoplastic masks Vacuum cushions



Radiotherapy workflow

Simulation CT scan

Tumor and OAR definition Dosimetry



Mould room: craniospinal
radiotherapy



BodyFIX



BodyFIX: body immobilisation



Thermoplastic mask



Thermoplastic mask



Laser alignment/references



CT-scan



Target volumes and OARs contouring



Target volumes and OARs contouring



Dosimetry



Radiotherapy (Tomotherapy) process



Radiotherapy (Tomotherapy) process
MVCT scan adquisition

Rigid fusion after scan Positionning automatic/manual corrections

Treatment deliveryTreatment delivery



Abdominal/pelvic 
tumours



Clinical case
• Female, 8 years old
• Stage IV nephroblastoma with major loco-regional 

extension
– Lung metastases

• Neo-adjuvant chemotherapy: Nephro SIOP 2001
• Surgery (nephrectomy + cavectomy): R2 (right 

hepatic venae), stage III locally, tumoral thrombus of 
the cave venae







Nephro SIOP 2001

• Neo-adjuvant chemotherapy associating 
vincristin, actinomycin and doxorubicin over 6 
weeks



Adjuvant chemotherapy

• Adjuvant chemotherapy for stage IV
• Stage III locally with lung metastases in partial 

response (strategy B)









Nephroblastoma

DVH whole abdominal Tomotherapy

DVH bi-pulmonary Tomotherapy



Ewing sarcoma



Ewing sarcoma



Hodgkin disease



Hodgkin disease, sclero-nodular type , stage IIIB 
(EURONET PHL C1 group TG3)
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Hodgkin disease, sclero-nodular type , stage IIIB 
(EURONET PHL C1 group TG3)



Central nervous
system (CNS)



Clinical case
• Male, 12ans
• Posterior fossa tumour, 40 x 27 x 36 mm
• Complete macroscopic resection (R0)

– Postoperative MRI without residue
– Normal spinal MRI, normal LP

• Grade IV medulloblastoma (OMS)
– No NMYC/CMYC amplification, loss of 17p and gain of 17q

• Average risk medulloblastoma











Hippocampal-Sparing Whole-Brain
Radiotherapy



Craniospinal irradiation 
in TomoTherapy: 
Assessment of the 
feasibility and 
tolerance in 68 patients



Craniospinal irradiation: standard technique

• Doses:
– 23.4 to 36 Gy to the brain and spinal axis 
– 54 Gy to the posterior fossa (fractions of 1.8 Gy) or tumoral bed (SIOP)

• Problem with overlaps: hot spots next to the larynx and spinal 
cord



French experience: Lille and Nantes

• Retrospective study
• August 2007 to June 2013
• 68 patients
• Centre Oscar Lambret (Lille) and Centre René Gauducheau

(Nantes)
• Craniospinal irradiation indication:

– Medulloblastoma
– PNET
– Metastatic ependymomas



Toxicity
• Acute toxicity (< 90 days)

– 55 patients (81%) at least one grade 2 toxicity
– 29 patients (43%) at least one grade 3 toxicity
– 3 patients (4%) haematological grade 4 toxicity
– Non-significant correlation with previous treatment or concomitant 

chemotherapy

Types of acute 

toxicity
Total Grade 1 Grade 2 Grade 3 Grade 4

Haematological 45 (66,2%) 7 12 23 3

Digestive 36 (52,9%) 14 17 5 0

Neurologic 13 (19,1%) 7 3 3 0

Mucosal-

cutaneous
24 (35,3%) 6 15 3 0

Asthenia 15 (22,1%) 11 4 0 0



Toxicity

• Late toxicity (> 90 days)
– 28 patients (41%)
– 4 patients (6%) grade 3 toxicity
– No grade 4 toxicity
– Non-significant correlation avec cochlear, pituitary and thyroid doses

Types of late 

toxicity
Total Grade 1 Grade 2 Grade 3 Grade 4

Neurologic 15 (22,1%) 4 11 0 0

Hormonal 10 (14,7%) 2 7 1 0

Hearing 7 (10,3%) 1 4 2 0

Haematological 3 (4,4%) 2 0 1 0



Overall survival

• Medulloblastoma
– 12, 24 and 36 months OS: 100%, 92% and 82% 
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Progression free survival (local/distant)

• Medulloblastoma
– 5 local recurrences, 1 distant recurrence
– 12, 24 and 36 months local PFS: 94%, 81% and 81% 
– Distant PFS: 100%, 87% and 77% 
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Head & neck



Orbital embryonary rhabdomyosarcoma



RMS 2005 protocole (groupe C)



Partial response after 3 cycles of chemotherapy









Humeral osteosarcoma



Lung metastases



Synchrony™

camera  

Treatment couch

Linear
accelerator

Manipulator

Image
detectors

X-ray sources

Targeting System

Robotic Delivery System



CT-guided fiducial implant







Conclusions: “Children-driven radiotherapy”

• Top quality clinical outcomes
• Excellent patient safety
• Good patient experience
• Information and communication with families
• Communication and multi-professional relationships
• Child, teenager and family-friendly environment
• Radiotherapy equipment and techniques
• Human and financial resources
• Education and training
• Research and development


