
Centre Antoine Lacassagne

Nice

Innovative technology 
is the best way 

to improve radiotherapy 
for cancer patients

J.P. GERARD
Nice 

CERN 1

Innovative technology 
is the best way 

to improve radiotherapy 
for cancer patients

J.P. GERARD
Nice - France

CERN - 04/02/2010



DISCLOSURE   

Ariane Medical Systems

"Papillon 50

J.P. GERARD

Medical Advisor

2

DISCLOSURE   

Ariane Medical Systems TM (UK)

Papillon 50 "

J.P. GERARD

Medical Advisor



1

103

106

109

1012

1015

Prevention Dépistage

screening

(1g)

(1kg)

Sub clinical

Cancer 
Nb Cells

3

Time

Treatment
(Guérison)

Cure

Mort

Death

Initial phase
Relapse 
Chronic
Phase

Temps 



Espérance de vie –

• France = 81 ans Japon 

USA = 78 Sierra Leone 

• France Sud = 82 France Nord 

• France 1940 = 59 ans

= Espérance de vie sans handicap (x 2)

= mort évitable < 75  ans 

J de Kervasdoué.  Les prêcheurs de l'Apocalypse 4

– Life  expectancy

Japon = 82

Sierra Leone = 41 (F =1789)

France Nord = 80

(+22)

= Espérance de vie sans handicap (x 2)

= mort évitable < 75  ans France = 1er

J de Kervasdoué.  Les prêcheurs de l'Apocalypse - Plon 2007



Facteur de risque sanitaire (OMS)
(cause de maladies)  

France - Tabac 

- HTA

- Abus d'alcool

- Excès de poids 

T.S.

Afrique - dénutrition 

- carence (vit., Fer)

- eau non potable 

- pratique sexuelle

dangereuse 5

Facteur de risque sanitaire (OMS)
(cause de maladies)  - Diseases factors

13%

11%

10%

8%

5 millions 

15%

carence (vit., Fer) 10%

6%

pratique sexuelle 10%

1/3



1987
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INCIDENCE - MORTALITE

1980

Incidence 170 000

Mortalité 125 000

Augmentation - population  

- vieillissement 

- "risque" Kc  

Francim     500/100 000

# 100%
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MORTALITE (France)

2009

170 000 320 000

125 000 146 000   (150/2003)

population  = 25%

vieillissement = 20%

"risque" Kc  = 55%
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GUERISON : "Survival (relative) 5 ans"
Hommes

F UK I EU

Colon R 56 45 51 48

Poumon 13 8 10 10

ORL 27 40 32 31

Prostate 72 52 59 62

Leucémie 48 36 32 37

Sein

Eurocare - 1990 - 94

Guérison =  CURE   :  40% 10

GUERISON : "Survival (relative) 5 ans"
Femmes

F UK I EU

61 47 53 51

16 8 11 10

44 49 48 48

58 38 31 38

80 72 79 75

Guérison =  CURE   :  40%
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Coleman - Lancet Oncol 2008 July
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Lancet Oncol 2008 July



FemmesFemmes

Cancer colorectal – survie relative 5 ans
13

HommesHommes

survie relative 5 ans



Curatif 320.000 nouveaux cancers

45% guérison (140.000) RXT = 40%

Conservateur oeil – larynx 

anorectum 

Coût – Efficience ONDAM : 160 M

cancer : 16 M

Radiothérapie 
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320.000 nouveaux cancers

45% guérison (140.000) RXT = 40%

larynx – sein – vessie

anorectum – membre

ONDAM : 160 Md Euros

cancer : 16 M d E – RXT : 1.2 Md E

Radiothérapie - 2010 - "3C"



1995

C

C
C

151995

C : Cure

C : Conservative

C : Cost effective

Radiotherapy



THE NEW-YORK TIMES THURSDAY

U.VERONESI N. Engl J. Med 1981 July 2, 16

YORK TIMES THURSDAY- JULY 2, 1981

N. Engl J. Med 1981 July 2, 305:6-11



The ultimate goal of physic 

in radiotherapy

- 100% dose in GTV (CTV)    

0%      "    in organ at risk (OAR)

OAR : limiting factor

High accuracy – optimal  Targeting ++
17

The ultimate goal of physic 

in radiotherapy

100% dose in GTV (CTV)    (homogeneous ?)

0%      "    in organ at risk (OAR)

optimal  Targeting ++



200 kV
1930

Cobalt
1950

FACTEUR LIMITANT : TOLERANCE TISSUS SAINS

"peau - brûlure" "abdomen"
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Cobalt
1950

Linac
1980

TOLERANCE TISSUS SAINS

"abdomen"



PROTON

1990

LINAC

1980

RC3D (CML)

1995

OAR Tolerance

19

R
A
D
I
O
B
I
O
L
O
G 
I
E CARBONE - Neutron

2000

PROTON

RC3D (CML) RCMI concave

1995 2000

T Dose Escalation



Radiotherapy 

• 1896-1950 : Kilovoltage

• 1950-1995 : Megavoltage

• 1995-2010 : Computer Assisted RXT

Particles  - Hadrontherapy

20

Radiotherapy - History 

1950 : Kilovoltage

1995 : Megavoltage

2010 : Computer Assisted RXT

Hadrontherapy
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. Collimateur
multilames

. Logiciel
de planimétrie

(beam eye view)

Conformal
3D

Radiotherapy



IMRT
Intensity 

modulation

RCMI
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IMRT AS
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IMRT for parotid sparing and preservation of 
salivary flow w/ IMRT versus 3D RT
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IMRT for parotid sparing and preservation of 
salivary flow w/ IMRT versus 3D RT

3 months   p=0,0043 months   p=0,004
12 12 monthsmonths p=0,05p=0,05
18 18 monthsmonths p=0,04p=0,04
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Slight mucositis 18 days after the end of radiation



IGRT : Image guided

"cible mobile"

Mobile target
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VERO – NOVALIS (VARIAN)
26

NOVALIS (VARIAN)



x ray tube

Robotic Stereotactic Radiotherapy  (Cyberknife™)

Robotic arm

G4

(2)

(1)
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Accelerator

Robotic coach

Robotic Stereotactic Radiotherapy  (Cyberknife™)

x ray tube

Cylindric collimator (3)

(4)
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Real time 

tracking 

Temps réel

"synchrony "



Accuracy -

- CK mechanical accuracy 

• CK spinal fiducial tracking

"clinical accuracy" 

• Synchrony "total clinical 

accuracy" 

Accurate Targeting = HYPOFRACTIONATION

A Ho Neurosurg 2007;60:147 31

- Precision

CK mechanical accuracy = 0.2 mm

CK spinal fiducial tracking

"clinical accuracy" = 0.6 mm

Synchrony "total clinical 

accuracy" = 0.7 mm (+3)

HYPOFRACTIONATION

A Ho Neurosurg 2007;60:147



Poumon- Lung : initial

32

Lung : initial



Poumon- Lung : 2 months

33

Lung : 2 months



Rachis- medulla (spine)

34

medulla (spine)



5 Gy x 5 
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5 Gy x 5 



Computer dose 
distribution

Phantom 
dosimetric 

control
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- Acoustic 

schwanoma

- 8 Gy x 3 fractions
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- Chemo : FEC  - T

-RSR : 6.5 Gy x 3

- Chemo : 5 cycles

-Surgery

-Breast RXT : 50 Gy / 5 w
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CK - CAL 11/2006 -
N° G3 Tox

Lung T1-2 33 3

Meta 5

Liver HC 2

Meta 11 0

Spine Ch. Sa. 11 1

Meta 5

Brain Schw. 8 0

Meta 19

Breast 7 0

116 3% 42

- 12/2007 = 116 pts
G3 Tox Loc cont (2y) 2  y OS (%)

21/23 87

5/7 80

5/8 81

16/20 80

7/13

7/7 100

82% 86%



Dose escalation : Phase III ++ Evidence 1

• Prostate

Polak :    70 - 78 Gy : 59%            

• Breast

EORTC : 50 - 65 Gy : 10%         

Lyon :     50 - 60 Gy :  5%

• Brain metastatis

RTOG :   15 - 24 Gy : 

• Rectum 

CXRT :   2% vs 30% pCR
43

Dose escalation : Phase III ++ Evidence 1

78 Gy : 59%            78% (8y)

65 Gy : 10%         6% (10y)

60 Gy :  5% 3% (5y)

24 Gy : 5                   7 months

CXRT :   2% vs 30% pCR (ACCORD 12)
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IOERT

(Electrons)

Radiothérapie 
per opératoire



12 - 20 Gy/1 F
45

20 Gy/1 F



40 Gy/4 w + 18 Gy IORT
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40 Gy/4 w + 18 Gy IORT
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Mobetron ®

LIAC (Italy)



Philips 
RT 50 
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Mr B.    84 y   Card. Ins.

ADK   uT3 N0    low R.

3/2009 :  CXRT (100 Gy)

EBRT :CAP 50   = 9/09  NED
52



Papillon 50 clinical session 53Papillon 50 clinical session
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Axxent ®

56

® -Xoft ®
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Small is beautiful



• "Particules Lourdes“

Proton – (neutrons) 

• Propriétés

- Balistique : pic de Bragg 

- Biologique : EBR 

HADRONTHERAPIE
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(neutrons) – alpha – C12

Balistique : pic de Bragg – lateral scatter

Biologique : EBR - oxygène

HADRONTHERAPIE



THE HADRON FACILITY 
in NICE

THE HADRON FACILITY 
in NICE

MEDICYC 
CYCLOTRON

PROTON TREATMENT ROOM 
(65MeV)

FLUOR 18 PRODUCTION 
(20MeV)

60

THE HADRON FACILITY 
in NICE

THE HADRON FACILITY 
in NICE

BEAM SPLITTINGBEAM SPLITTING

PROTON TREATMENT ROOM 
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A. Courdi, P. Chauvel : IJROBP 1999 ; 45
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A. Courdi, P. Chauvel : IJROBP 1999 ; 45 -5
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NICE – Protons -

• 1991 – 2006 : 2532 pts    (P. Chauvel)

Control local : 93% ( T1

Vision > 2/10 : 50%

5y survival : 92%

- Quality of beam : 63 MeV

- Neutron contamination

- Conjuntiva

- Monte Carlo algorithm (eye plan)

Courdi,  Chauvel IJROBP 1999;45:5
65

Uveal melanoma

2006 : 2532 pts    (P. Chauvel)

93% ( T1-2 > T3)

50%

92%

Quality of beam : 63 MeV

Neutron contamination

Monte Carlo algorithm (eye plan)

Courdi,  Chauvel IJROBP 1999;45:5 -12



Paris – CP Orsay 
Protons – uveal melanoma

-1981 – 2006 = 2992 pts (L. Desjardins)

Local control : 94%

Vision > 2/10 : 82%

5 y survival : 78%

- Beam = 201 MeV

-Phase III

Hamrouni  J Fr Ophtal 2005;28:833

Desjardins Ophtalm. Res 2006;38:255 66

CP Orsay – I. Curie
uveal melanoma

2006 = 2992 pts (L. Desjardins)

94%

82%

78%

Hamrouni  J Fr Ophtal 2005;28:833

Desjardins Ophtalm. Res 2006;38:255



Proton 201 MeV Beam 
• Chordomas Base of skull 

• Photons + Protons = 67 Gy (CGE) (45+22)

• ov. 5 y surv.  = 80% (98% vs 52%)

• local control  = 54% (70% vs 34%) (4 years)

• toxicity : chiasm - psychol.

hearing - pituitary

Noël : Acta Oncol 2005 ; 44 : 700 

(42%)
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Proton 201 MeV Beam - CPO
Chordomas Base of skull – 1999-2003 =100 pts

Photons + Protons = 67 Gy (CGE) (45+22)

ov. 5 y surv.  = 80% (98% vs 52%)

local control  = 54% (70% vs 34%) (4 years)

psychol.

pituitary

Noël : Acta Oncol 2005 ; 44 : 700 



Proton facilities 

- USA

- Japan China

- Europe 

- continuous increased number

- pediatric onco: (2

68

Proton facilities - world 

China

continuous increased number

pediatric onco: (2 nd kc: neutron )



Hadron – Improved Beam delivery 
- USA = Proton ++ Optivus – IBA

Varian – Siemens – Mitsubichi

• STILL RIVERS – Synchrocyclotron superConducting

Monarch 250

• Livermore CA = Dieletric Wall Accelent

Tomotherapy  : DWA (low 

intensity- modulated proton ++

• Laser – Plasma driven Accelator = 2020 ?

69

Improved Beam delivery 
IBA

Mitsubichi

Synchrocyclotron superConducting

Livermore CA = Dieletric Wall Accelent

Tomotherapy  : DWA (low – high)

modulated proton ++

Plasma driven Accelator = 2020 ?



Proton – Innovative Technology 

- Gantry  - Active scanning  

Plasma Tomotherapy 

FFAG – Synchrocyclotron 

From heavy (700 tons) expensive

to light  (60 tons)  - “economic”

CERN – LOCMAF unit ?
70

Innovative Technology 

Active scanning  - Laser

Plasma Tomotherapy – superconducting

Synchrocyclotron – mobile  T.

From heavy (700 tons) expensive

“economic” -in hospital 

LOCMAF unit ?
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Effet biologique des ions carbone

Effet biologique, pic de Bragg étalé, modulation d’ intensité
Profondeur dans l’eau (cm)

74

Effet biologique des ions carbone

Protons

tumeur

Effet biologique, pic de Bragg étalé, modulation d’ intensité
Profondeur dans l’eau (cm)

C12

Proton



Malignant melanoma Adenoca

58 mo
75

Adenoca Adenoid cystic ca

36 mo 48 mo



Malignant 
melanoma

60 mo
76

12 mo36 mo



Malignant Melanoma (n=57)
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(n=57)

Survival

Local Control

Malignant Melanoma (n=57)



Adénocarcinome de l’ethmoïde 
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Adénocarcinome de l’ethmoïde (NIRS Japon)



Chordoma of the Sacrum
64.0 GyE/ 16 fx/ 4wks (4.0 GyE x16 )

Osteosarcoma of the Sacrum
52.8 GyE/ 16 fx/4 wks (3.3 GyE x16)

79

60 mo

)

Osteosarcoma of the Sacrum
52.8 GyE/ 16 fx/4 wks (3.3 GyE x16)

50 mo

???????????????????????52.8GyE????????60????????????????????????????????Grade 1????????????????

???????????
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Résultats NIRS 

48NIRSGliome 3-4

415NIRSProstate

47 NIRSFoie (CHC)

29GSIORL (CAK)

50 (+)NIRSPoumon

96GSIChordome
(base crâne)

224NIRSSarcome

NLieuLoc

84

Résultats NIRS - CHIBA

Dose (+)48

86-98%415

< 5%95%47 (+)

77%29

< 5%85-91% 
(dose +)

50 (+)

4%70%96

< 5%85/95%224

Tox > 3ContrôleN°



Hyogo – Carbon 12

85

Carbon 12



Ion beam facility

Large medical device

System

Ion source

Accelerator

HEB transport

Treatment room

86



Carbon 12 (3 Tt rooms  

Investment        running cost       
M €

• Heidelberg 68 

• TERA 89

• Lyon Etoile 88

• Medaustron 75

• Karolinska 80 87

Carbon 12 (3 Tt rooms  - 1000 pts/year)

Investment        running cost       Tt cost
M € €

14 26 000

13 25 000

17 27 000

14 24 000

17 27 000



Building (new design)
Université Claude Bernard Lyon1

ETOILE –LYON

88

Building (new design)
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Hadrontherapy in France : 2007 

- Neutron : Orléans (closed 2008)

- Proton : - Orsay (CPO) 230 MV 

eye 

- Nice : 63 MV -

- Caen Archade : Research

- Carbon 12 : Lyon Etoile     2012
90

Hadrontherapy in France : 2007 - 2012

Neutron : Orléans (closed 2008)

(CPO) 230 MV - 3 rooms - Gantry

eye - Base skull - Pediatric

- eye (supra)

Archade : Research

Etoile     2012



J.P. Gérard, M. Bolla 

Cancer/Radiothérapie 12 (2008) 141
91

J.P. Gérard, M. Bolla 

Cancer/Radiothérapie 12 (2008) 141



• Parcours du patient

• Infrastructure 

• Radiobiologie

• Dose : contrôle  

• Radioprotection : 

optimisation

• Sécurité

Prescription :

Préparation   

92

SOMMAIRE (362 pages)

Parcours du patient

Infrastructure – équipement

Radiobiologie

Dose : contrôle  - Tolérance OAR

Radioprotection : Justification 

optimisation

Sécurité - qualité (pédiatrie, grossesse)

Procédure 35 localisations 

Prescription : volume/dose : OAR

Préparation   - technique traitement

Consensus d'expert



2010 – 2020 = where to go for RXT 

• Mobile Target – IGRT

lung – liver etc…

• Stereotactic RXT

brain – extracranial

• Proton  : (eye-paediatric -

• Light Ion = C12 – Helium

Physics + Biology
93

2020 = where to go for RXT 

-specific T.)

Helium

+ Biology



Better Geographical Targeting 

to increase :

. Conformality

. Therapeutic ratio

(cost- benefit ratio)

IDEAL = 100 % in tumour (Dose 

0 % in normal tissue
94

Better Geographical Targeting 

benefit ratio)

IDEAL = 100 % in tumour (Dose – Gy)

0 % in normal tissue



2010 – 2030  -

- Population : industrialized 

- Ageing : 5-10 % �  80 years   ( F = 5M )

- Cancer in France :

- 400.000/y

- RXT : 200.000 - initial : 150.000

- meta : 50.000

25-30.000 �  80 y 95

- changes +++ 

Population : industrialized – BRIC – developing

 80 years   ( F = 5M )

initial : 150.000

meta : 50.000

�  80 y



Cancer Treatment 2010 

• Surgery ++

• Medical Treatment (Molecular biology)

- chemo. Hormono

- Biotarget drug (Mol. Signature)

• Radiotherapy : Accurate targeting 

“Bio modulation” ?

§ Global approach of patient

Taylored Treatment of Tumor
Complexity - Hyperspecialization

96

Cancer Treatment 2010 - 2030

Medical Treatment (Molecular biology)

(Mol. Signature)

Radiotherapy : Accurate targeting – High LET

“Bio modulation” ?

Global approach of patient

Taylored Treatment of Tumor
Hyperspecialization



ROENTGEN

26 décembre 1895 VICTOR DESPEIGNES  1896

1902
97

VICTOR DESPEIGNES  1896

Observation 
concernant un cas de 
cancer de l’estomac 
traité par les rayons 
Rontgen 
par le Docteur Victor 
Despeignes, ancien chef 
de travaux à la Faculté de 
Médecine de Lyon .

Lyon Médical 26 Juillet 1896:428-506

1912

STOCKHOLM



Increased need for Radiotherapy
-one cancer out of two needs RXT

• Population increase : 2020 : 8 Billions in the world

(300/100.000) : 24 millions cancer/year

12 millions RXT : 24.000 linacs (1/500 patients) 

• Population ageing : 2010-2030

people above 65yx2

people above 80yx3 (surgery 

• Metastatic chronic phase : RXT 
Oligo meta : brain – lung – liver etc …

98

Increased need for Radiotherapy
one cancer out of two needs RXT

: 2020 : 8 Billions in the world

(300/100.000) : 24 millions cancer/year

12 millions RXT : 24.000 linacs (1/500 patients) 

2030

people above 80yx3 (surgery ææææ)

: RXT ääää
liver etc …



Radiotherapy - 2010 

• RC3D :                         100.000 patients

RCMI :                          50.000 (H & N 

Mobile – IGRT :           20.000

Proton :                       5.000 ?  10.000 ?

C12 :                            1.500 ? 3.000 ?

• More cure : 50-55 %  - Lower Toxicity

More organ preservation 99

2010 – 2030 (France)

RC3D :                         100.000 patients

RCMI :                          50.000 (H & N – Prostate)

IGRT :           20.000

Proton :                       5.000 ?  10.000 ?

C12 :                            1.500 ? 3.000 ?

Lower Toxicity

More organ preservation – better palliation



Espérance de vie en 2000

J de Kervasdoué.  Les prêcheurs de l'Apocalypse 100

Femmes avec BAC 1982

J de Kervasdoué.  Les prêcheurs de l'Apocalypse - Plon 2007
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Be prepared 

• Technology innovation ++

- Scientist – ingeneor

• Trained professionals

- Doctors – Physicist 

- Legal Frame – Financial support

- Political will

VISION

for the sake of the patients…
102

Be prepared - proactive

Technology innovation ++

Physicist – Technicians …

Financial support

VISION

for the sake of the patients…
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NICE :

Acropolis Palais des Congrès
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NICE :

Acropolis Palais des Congrès
Nice

France


