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Proton therapy in pediatrics:Proton therapy in pediatrics:
summarysummary

 Background :Background :  Pediatric tumors, thePediatric tumors, the
challengechallenge

 Dosimetrical evidences :Dosimetrical evidences : brain, orbital, brain, orbital,
other tumorsother tumors

 Clinical evidences : Clinical evidences : MGH / LLUMC, CPO,MGH / LLUMC, CPO,
PSIPSI

 Technical advances:Technical advances: towards the ideal towards the ideal
radiotherapy  in children?radiotherapy  in children?



Proton therapy in pediatrics:Proton therapy in pediatrics:
BACKGROUNDBACKGROUND

Pediatric tumors, the challengePediatric tumors, the challenge……



INTRODUCTIONINTRODUCTION

 Very rareVery rare  ::
–– 2 % all cancers2 % all cancers
–– 130 / million130 / million

childrenchildren
–– Total / year :Total / year :

 US : 10,000US : 10,000
 France : 2,000France : 2,000

 But :But :
–– 2 nd cause of2 nd cause of

death between 5 -death between 5 -
14 years (18 %)14 years (18 %)

–– 1 / 500 young1 / 500 young
adults cured fromadults cured from
cancer in childhoodcancer in childhood



DIFFERENCES WITHDIFFERENCES WITH
ADULTSADULTS

 TYPES :TYPES : Central + peripheral nervous Central + peripheral nervous
system ; Bone + soft tissues ; Kidney system ; Bone + soft tissues ; Kidney ((Lung,Lung,
Breast, ENT, Digestive, Gyne)Breast, ENT, Digestive, Gyne)

 SITES :SITES : Deep   Deep  (Superficial)(Superficial)

 PATHO :PATHO : Embryonal sarcomas   Embryonal sarcomas  (Carcinomas)(Carcinomas)

 SCREENING :SCREENING : Rare ( Rare (frequent)frequent)

 STAGE :STAGE : Advanced ( Advanced (localized)localized)
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TUMOR TYPE / INFLUENCETUMOR TYPE / INFLUENCE
OF AGEOF AGE
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GENETICSGENETICS

 Genetic risks well known for sub groups ofGenetic risks well known for sub groups of
patients :patients :    multiple cancers in family,  very youngmultiple cancers in family,  very young
children with bilateral tumorschildren with bilateral tumors  / malformations/ malformations

 But < 5% casesBut < 5% cases
 Paradigm of Retinoblastoma :Paradigm of Retinoblastoma :    inactivation bothinactivation both

suppressor genes alleles (1 transmitted, 1 somatic)suppressor genes alleles (1 transmitted, 1 somatic)
(Knudson, 1972)(Knudson, 1972)

 Paradygm of associated morbid condition: NF1Paradygm of associated morbid condition: NF1
and optic gliomasand optic gliomas
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Other predisposing factorsOther predisposing factors

 Ionizing radiations:Ionizing radiations: thyroid carcinomas thyroid carcinomas
(Tchernobyll : X 100)(Tchernobyll : X 100)

 UV:UV:  melanomas  melanomas
 Magnetic fieldsMagnetic fields (AL: x 1.5, Brain: x 1.9) (AL: x 1.5, Brain: x 1.9)
 Chemical agents:Chemical agents: Distilben administered Distilben administered

during pregnancy (Clear cell adeno vagina)during pregnancy (Clear cell adeno vagina)
 Infectious:Infectious: EBV (Nasopharynx, HD), EBV (Nasopharynx, HD),
    HVB (hepatoca)    HVB (hepatoca)



MANAGEMENTMANAGEMENT

 Almost exclusively multidisciplinaryAlmost exclusively multidisciplinary
 Multicentric trialsMulticentric trials
 Chemosensitivity +++Chemosensitivity +++
 Fast + massive «Fast + massive «  responseresponse » » therapy therapy
 Considerable improvement survival, past 3Considerable improvement survival, past 3

decadesdecades



CHEMOTHERAPY : BENEFITCHEMOTHERAPY : BENEFIT
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CHEMOSENSITIVITYCHEMOSENSITIVITY
EWING TUMOREWING TUMOR

Post c
hemoPre chemo
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Light management

Light se
quelae !
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OUTCOMEOUTCOME
««  DISAPPOINTINGDISAPPOINTING » »
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PEDIATRICPEDIATRIC
RADIOTHERAPY : PLACERADIOTHERAPY : PLACE

 Necessary approx. half casesNecessary approx. half cases

 Dreadful reputation RX-induced sequelaeDreadful reputation RX-induced sequelae
!!



RADIOTHERAPY INRADIOTHERAPY IN
MODERN TREATMENTMODERN TREATMENT

STRATEGIESSTRATEGIES Radiotherapy has lost prominence in theRadiotherapy has lost prominence in the
management of most pediatric tumorsmanagement of most pediatric tumors

 ButBut  remains essentialremains essential, as far as the local-, as far as the local-
regional control of most of them,regional control of most of them,

 With recent emphasis on With recent emphasis on technical refinementstechnical refinements
and innovationsand innovations



PEDIATRICPEDIATRIC
RADIOTHERAPY : PLACERADIOTHERAPY : PLACE
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PEDIATRICPEDIATRIC
RADIOTHERAPY :RADIOTHERAPY :
CURATIVE DOSESCURATIVE DOSES
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DOSES TO CRITICAL STRUCTURESDOSES TO CRITICAL STRUCTURES
IN CHILDRENIN CHILDREN
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RADIOTHERAPY :RADIOTHERAPY :
 LONG - TERM TOXICITY LONG - TERM TOXICITY

 BONEBONE : : Growth disturbances Growth disturbances
 BRAIN BRAIN :: Neuro-psychological impairments Neuro-psychological impairments
 2nd  MALIGNANCIES2nd  MALIGNANCIES : : 10-15 % at 15 10-15 % at 15

yearsyears
 GONADS GONADS :: Sterility, early menopause Sterility, early menopause

PEDIATRICPEDIATRIC



RADIATION-INDUCEDRADIATION-INDUCED
SEQUELAE IN CHILDHOODSEQUELAE IN CHILDHOOD



Toxicity: role chemo when combinedToxicity: role chemo when combined



Toxicity: influence ageToxicity: influence age



Effect of ionizing radiation on the human brain: white matter and
grey matter T1 MRI in pediatric brain tumor patients treated

with conformal radiotherapy.
Steen et al, IJROBP 2001.

White matter is more sensitive to radiation damage than grey matter.

 20 Gy

brain: sensitivity white matterbrain: sensitivity white matter



In summary, pediatric tumorsIn summary, pediatric tumors
areare……

 A major challenge for radiation oncologistA major challenge for radiation oncologist = =
–– cure with the least morbiditycure with the least morbidity
–– Radiation therapy  deleterious when administeredRadiation therapy  deleterious when administered

alone to high doses esp. young childrenalone to high doses esp. young children
 Brain and soft-bone part tumors areBrain and soft-bone part tumors are

paradygmsparadygms
 Need for considerable technicalNeed for considerable technical

improvementsimprovements……





Proton therapy in pediatrics:Proton therapy in pediatrics:

DOSIMETRICAL EVIDENCESDOSIMETRICAL EVIDENCES

Plenty !Plenty !



MedulloblastomasMedulloblastomas

Posterior fossa: clear benefit ofPosterior fossa: clear benefit of
protonsprotons

CNS coverage: more controversialCNS coverage: more controversial



POSTERIOR FOSSA :POSTERIOR FOSSA :
anatomical situationanatomical situation

 Posteriorly :Posteriorly : occipital occipital
bonebone

 Laterally :Laterally : temporal temporal
(petrous + mastoid)(petrous + mastoid)

 Anteriorly :Anteriorly :   sphenoid sphenoid
 Superiorly :Superiorly : tentorium tentorium

cerebellicerebelli
 Inferiorly :Inferiorly : foramen foramen

magnummagnum



POSTERIOR FOSSA :POSTERIOR FOSSA :
indications for radiotherapyindications for radiotherapy

The most commonly irradiated site in brainThe most commonly irradiated site in brain
tumors !tumors !
–– Either alone in :Either alone in : localized medulloblastomas in very localized medulloblastomas in very

youngs, ependymomas, gliomas youngs, ependymomas, gliomas ……

–– Or as a boost, following cranio-spinal irradiation in :Or as a boost, following cranio-spinal irradiation in :
medulloblastomas in older children, PF tumorsmedulloblastomas in older children, PF tumors
metastatic to CSFmetastatic to CSF



POSTERIOR FOSSA : criticalPOSTERIOR FOSSA : critical
structures (SIOP, Porto, 2003)structures (SIOP, Porto, 2003)

 Within :Within :  brain stem,brain stem,
cranial nerves, internalcranial nerves, internal
ears, cerebellum,ears, cerebellum,
vesselsvessels

 Outside :Outside :  pituitary,pituitary,
cerebral hemispheres,cerebral hemispheres,
temporo- mandibulartemporo- mandibular
joint, parotid glands,joint, parotid glands,
spinal cord ...spinal cord ...



POSTERIOR FOSSA : internalPOSTERIOR FOSSA : internal
earear

VII

cochlea
vestibule



RX-related  ototoxicity  inRX-related  ototoxicity  in
literatureliterature

 Concerns mainly higher frequencies :Concerns mainly higher frequencies :
difficulties speech discreminationdifficulties speech discremination

 Potentiated by CDDP - basedPotentiated by CDDP - based
chemotherapychemotherapy

 Exact risk unknown.Exact risk unknown.
–– Estimates : Threshold 30 GyEstimates : Threshold 30 Gy
                      24 % after 59.5 - 76.5 Gy                      24 % after 59.5 - 76.5 Gy

(Kwong, 1996)(Kwong, 1996)
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Protons Photons

% mean D/prescribed D 

-Lin R - IJROBP - 2000; 48: 1219-1228



Spinal canal (Spinal canal (Miralbell R - IJROBP - 2002; 54:824-Miralbell R - IJROBP - 2002; 54:824-
829829

PhotonsPhotons IM PhotonsIM Photons IM Protons  IM Protons  





Young: full spinal widthAdo: canal only



Radiation dose to the lensRadiation dose to the lens
(Cochrane et al, IJROBP, 2008)(Cochrane et al, IJROBP, 2008)



Predicted IQPredicted IQ
((Miralbell R - IJROBP - 1997; 38: 477-484)Miralbell R - IJROBP - 1997; 38: 477-484)

 PLAN 1 : PLAN 1 : Photons: 2 opposed lateralsPhotons: 2 opposed laterals
 PLAN 2 : PLAN 2 : Photons: 6 beamsPhotons: 6 beams
 PLAN 3 : PLAN 3 : 9 beams X IMRT9 beams X IMRT
 PLAN 4 : PLAN 4 : Protons: 3 beamsProtons: 3 beams…… in Whole Brain  in Whole Brain ±±  ventriclesventricles



K2 estim risk in PM RMSK2 estim risk in PM RMS

Miralbell R - IJROBP - 2002; 54:824-829



K2 estim risk in médulloblastomaK2 estim risk in médulloblastoma

Miralbell R - IJROBP - 2002; 54:824-829



PEDIATRIC BRAIN TUMORS: ISPEDIATRIC BRAIN TUMORS: IS
PROTON THERAPY SUPERIOR TOPROTON THERAPY SUPERIOR TO

PHOTONS IMRT ?PHOTONS IMRT ?
(SIOP, Vancouver, 2005)(SIOP, Vancouver, 2005)

JL HABRAND,, S BOLLE,JL HABRAND,, S BOLLE,
A BEAUDRE, G NOEL,A BEAUDRE, G NOEL,

 C GAUTHIER, C PICHENOT et al. C GAUTHIER, C PICHENOT et al.
  Dept.Radiation Oncology,Dept.Radiation Oncology,

IGR:Villejuif and CPO:Orsay,IGR:Villejuif and CPO:Orsay,
FranceFrance



Ependymoma, left Frontal lobe: 
XR-IMRT plan 

Ependymoma, left Frontal lobe: 
XR-IMRT plan 

30Gy

10Gy

10Gy

Axial Sagittal

30Gy



Pt Ozb. :  proton planningPt Ozb. :  proton planning

10+30 Gy

10+30 Gy



Ependymoma: brain DVH (PTV excluded)
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Case #3: pineal dysgerminomaCase #3: pineal dysgerminoma

Before chemotherapy After chemotherapy



High dose (95%)High dose (95%)



Low dose (20%)Low dose (20%)



Germinoma: brain HDV  (PTV excluded)
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M Fuss (cont)M Fuss (cont)



M Fuss (cont): normal brainM Fuss (cont): normal brain



M Fuss (cont):M Fuss (cont):
optic/pituitaryoptic/pituitary



M Fuss (cont): lobes/BSM Fuss (cont): lobes/BS



Protons vs photonsProtons vs photons
(Merchant, PBC, 2008)(Merchant, PBC, 2008)

Infra tentorial ependymomaCraniopharyngioma

MedulloblastomaOptic pathway



Conformation photons vsConformation photons vs
protonsprotons

((Baumert BG, IJROBP, 2001)Baumert BG, IJROBP, 2001)



T concave: PTV P>XT concave: PTV P>X



 Elipsoid shape: PTV P=X Elipsoid shape: PTV P=X

Baumert
BG,

IJROBP,
2001)



Irregular shape: PTV P>XIrregular shape: PTV P>X

Baumert 



Close OAR : PTV P>XClose OAR : PTV P>X

Baumert 











Normal structures: PM RMSNormal structures: PM RMS



PM RMS: Mean dose X IMRT-PPM RMS: Mean dose X IMRT-P



RetinoblastomaRetinoblastoma
(Lee CT et al, IJROBP, 2005)(Lee CT et al, IJROBP, 2005)



Proton therapy in children:Proton therapy in children:
neuroblastomasneuroblastomas

(Hug, MPO,2001)(Hug, MPO,2001)



Spot-scanning benefit overSpot-scanning benefit over
passive scattering protonspassive scattering protons

 BetterBetter
conformationconformation

 Reduced # beamsReduced # beams
and integral doseand integral dose

 Reduced neutron-Reduced neutron-
dose (=K2)dose (=K2)

Courtesy B Timmermann, PSI



Nasopharynx: IMRT vs IMPTNasopharynx: IMRT vs IMPT
(Rad Oncol, Z Teheri-Kadkhoda, 2008)(Rad Oncol, Z Teheri-Kadkhoda, 2008)

 6 adults , 2 children6 adults , 2 children
 T1 to T4T1 to T4
 Prescribed (Gy/CGE): GTV: 72.6, PTV: 66,Prescribed (Gy/CGE): GTV: 72.6, PTV: 66,

N:52.8N:52.8
 Respect: homogeneity: +7/-5%;Respect: homogeneity: +7/-5%;

GTV:95/95% dose; Max:< 105%GTV:95/95% dose; Max:< 105%



Nasopharynx: OARsNasopharynx: OARs



Pelvic sarcomasPelvic sarcomas
 (Lee CT et al) (Lee CT et al)



Proton therapy in pediatrics:Proton therapy in pediatrics:

CLINICAL EVIDENCESCLINICAL EVIDENCES

Not so manyNot so many……





Hug (cont)Hug (cont)



Hug (cont)Hug (cont)





ChildChild’’s set up in Orsays set up in Orsay



Adolescent imaging with acrylicAdolescent imaging with acrylic
castcast



General anesthesia:General anesthesia:Children < 4YChildren < 4Y



New CPO CenterNew CPO Center

1 Gantry

New machine

2 existing
rooms



PEDIATRIC CNS TUMORS:PEDIATRIC CNS TUMORS:
ORSAY SERIES (08/05):TumorORSAY SERIES (08/05):Tumor

typestypes 22CH, 4CS,3soft,1Osteo
1994-2005: 60 pts

46%

18%

18%

18%

Sarcomas

craniopharyngiomas

Brain

Others

4glio,6mening,1PNET,
1pblastom
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Nodal

Distant

Combined

Controlled

PEDIATRIC CNS TUMORS: ORSAYPEDIATRIC CNS TUMORS: ORSAY
SERIES (08/05):outcomeSERIES (08/05):outcome

Controlled:90%

Failed:10%



PEDIATRIC CNS TUMORS:PEDIATRIC CNS TUMORS:
ORSAY SERIES (08/05):ToxicityORSAY SERIES (08/05):Toxicity

(cont)(cont)
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MENINGIOMAS : MENINGIOMAS : PEDIATRICPEDIATRIC
CASECASE

Previously irradiated
 with γ knife

Chiasm shielding



 7 children7 children
 Med dose: 46.6 CGEMed dose: 46.6 CGE
 Med FUp: 6.3 YMed FUp: 6.3 Y
 Local control: 6/7Local control: 6/7
 Sequelae: excellent vision preserv, mildSequelae: excellent vision preserv, mild

orbital asymetry, no pituitaryorbital asymetry, no pituitary
dysfunctiondysfunction













Proton radiotherapy for childhoodProton radiotherapy for childhood
ependymomaependymoma

(MacDonald et al, IJROBP,2008)(MacDonald et al, IJROBP,2008)
 17 cases (4 supra tent, 11 infra tent)17 cases (4 supra tent, 11 infra tent)
 Age: 13 m-13 YAge: 13 m-13 Y
 Med dose: 55.8 CGEMed dose: 55.8 CGE
 Med F Up: only 26 mMed F Up: only 26 m
 Loc failure: 1/17Loc failure: 1/17
 PFS: 86%; OS: 89%PFS: 86%; OS: 89%
 Toxicity ?Toxicity ?





Timmermann B (cont)Timmermann B (cont)



Lundkvist J, Ekman M, Rehn Erickson S, Jönsson B,
Glimelius B

(Cancer, 2005, 13: 793-801)



ConclusionConclusion

 Considerable potentialitiesConsiderable potentialities of protontherapy in of protontherapy in
children, esp brain, head & neck, trunk sarcomaschildren, esp brain, head & neck, trunk sarcomas

 Pediatrics Pediatrics is becoming a major component ofis becoming a major component of
proton projectsproton projects

 Reduced long term toxicityReduced long term toxicity (cochlea, pituitary, (cochlea, pituitary,
cognition, K2cognition, K2……), and improved cost), and improved cost

effectiveness: future challengeseffectiveness: future challenges
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Thank you !Thank you !




