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= Background : Pediatric tumors, the
challenge
= Dosimetrical evidences : brain, orbital,

other tumors

= Clinical evidences : MGH /LLUMC, CPO,
PST

sShechnical.advances:. fowaras tne ideal™ "
Sadiorherapy in children?
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“Proton therapy in pediatrics:
BACKGROUND

Pediatric tumors, the challenge...
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= Very'rare - = But :
-2 75 all cancers - 2 nd cause of

- 130 / miillion death between 5 -
children 14 years (18 %)

- Total / year : -1 /"500'young
« US:-10.000 adults cured from

L i a0 cancertinichildhoods
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TYPES Centiral# peripheral nervous

system ; Bone + soft tissues ; Kidney (Lung,
Breast, ENT, Digestive, Gyne)

= SITES : Deep (Superficial)

= PATHO : Embryonal sarcomas* (Carcinomas)
= SCREENING : Rare (frequent)

SRSAGE - Advanced (localized)
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= Genetic risks:well known for'sub groups of
“paiienis-+multiple cancers in family, very young
children with bilateral tumors / malformations

= But < 57 cases

= Paradigm of Retinoblastoma : inactivation boith
suppressor genes alleles (1 transmitted, 1 somatic)
(Knudson, 1972)

=_Paradygm,of associated morbid condition: NF1
\and opiic gliomas - -

=
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# annual cases per million

5-9 ans

—— 10-14 ans
15-19 ans

1975-79 1980-84 1985-89 1990-95

SEER 1975-95
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- Iomz/ng rad/aflons thyr0|d carcinomas
(Tchernobyll™: X 100)

= (JI/: melanomas

= Magnetic fields (AL: x 1.5, Brainzx«1.9)

= Chemical agents: Distilben administered
during, pregnancy (Clear cell adeno vaglna)

E ‘_Z'nfechg_g,s_g,@y (Nasephanx, HD),
“HVB (hepatoca)
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MANAGEMENI
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= Almost exclusively multidisciplinary
= Multicentric trials
= Chemosensitivity +++

= Fast + massive « response » tiherapy

= Considerable improvement survival, past 3

decades ...
R ﬂ"
—




UNCERTAIN
20%

PROBABLE
10%

DEMONSTRATED
70%
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OHODGKIN'S DISEASE

/Awu.MS TUMOR
OSTEOGENK SARCOMA (LOCAL)
NON-HODGK
EWING'S SARCOMA (LOCAL)

O RHABDOMYOSARCOMA

NEUROBLASTOMA

/ BRAIN TUMORS

CHEMOTHERAPY
RADIOTHERAPY
SURGERY

1940 - 1950 - 1960 1970 1980 @
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RA DIOTHERAPY PLACE

n Necessary approx. half cases

= Dreadful reputation RX-induced sequelae
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~  MODERN TREATMENT
= Radiotheraps HakIA% Wp%lﬂ&&: in the

management of most pediatric tumors
= But remains essential, as far as the.local-

regional control of most of them,

= With recent emphasis on technical refinements
\arid. Innoyations
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PEDIATH
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e RADIO T HERAP Y ——
“LONG - TERM TOXICITY

= BONE : Growth disturbances

= BRAIN : Neuro-psychological impairments
22nd MALIGNANCIES : 10-15 7% at 15

TE——

OIS e

WCONADS : Sterility, early ' menopause
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. .CRANIAL .TRAY , INTRATHECAL MTX, |,

Toxicitrerols-Ciama Wherr sormbinad

<1 %

INTRAVENOUS MTX
>40-80 mg/m% week

—Risk of leukoencephalopathy according to
therapy. The figures on risk, which were estimated by the
author from a review of the literature, should be inter-
preted as rough approximations.
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Pourcentage de croissance de 0 a 20 ans
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Weeks after start of therapy
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White matter T1

RT <35 Gy
RT 5.10 Gy
RT 10-20 Gy

RT 20-30 Gy

RT 30-40 Gy
RT 40.50 Gy
RT 50-54 Gy

RT =54 Gy

Weeks after start of therapy

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, ITROBP 2001.
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=~A major challenge for' radiation oncoI;—g};sf =
“="cure with'the least morbidity

~ Radiation therapy deleterious when administered
alone to high doses esp. young children

—— "
e

= Brain and soft-bone part tumors: are
paradygms

= Need for considerable technical
mprovements...
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“Proton therapy in pediatrics:

DOSIMETRICAL EVIDENCES

____ Plenty d.

4‘—'

institutCurie
Centre de Protonthérapie d’




Medulloblastomas

Posterior fossa: clear benefit of
protons ...

CINSIcoverage: niore coniroversial
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(petrous + mastoid)
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The most cgmmonly irradiated site in brain
tumors |

~ Either alone in : localized medulloblastemas:in,very
youngs, ependymomas, gliomas ...

N=N0Fr'as'a boost, following cranio=spinalirradiaiionylise
medulloblasiomasiiniolderschildien; P tumors
" metastatic To CSF
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= Within : brain stem,
cranial nerves, internal
ears, cerebellum,
vessels

= Qutside : pituitary,
cerelrel iemispheres;
lemporo- mandibular
joint, parotid glands,

- e

spinal cord ...
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- Concerns mamly hlgher' frequencnes
difficulties speech discremination

= Potentiated by CDDP - based
chemotherapy

= Exact risk unknown.
- Estimates : Threshold 30 Gy
w24 /o af ter B5OIBI= 76.5 Gy

o (Kwong; 1996)
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COMPARISON CONVENTIONAL, IMRT,
PROTONS IN MEDULLOBLASTOMA
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St Clair et al, IJROBP, 2004
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RAPID COMMUNICATION

PHYSIOLOGIC AND RADIOGRAPHIC EVIDENCE OF THE DISTAL EDGE
OF THE PROTON BEAM IN CRANIOSPINAL IRRADIATION

STEPHANIE C. KREICAREK, B.Sc.,* P. ELLEN GRANT, M.D.," Joun. W, Henson, M.D.,"™
Nancy J TarserrL, M.D..* anp Torunn I Yock, M.D., M.C.H.*

Departments of *Radiation Oncology and "Radiology and the *Pappas Center for Neuro-oncology, Massachusetts General Hospital,
Harvard Medical School, Boston, MA
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RAPID COMMUNICATION

PHYSIOLOGIC AND RADIOGRAPHIC EVIDENCE OF THE DISTAL EDGE
OF THE PROTON BEAM IN CRANIOSPINAL IRRADIATION

STEPHANIE C. KREICAREK, B.Sc..* P. ELLEN GRANT, M.D.,':' Joun. W, Henson, M.D. £
Nawncy J. TarseLr, M.D..* anp Torunn 1. Yook, M.D., M.C.H.*

Departments of *Radiation Oncology and "Radiology and the *Pappas Center for Neuro-oncology, Massachusetts General Hospital,
Harvard Medical School, Boston, MA

Fig. 1. A 14-year-old girl with supratentorial primitive neurcectodermal tumor: craniospinal irradiation prescribed to the Fig. 2. A T-year-old boy with medulloblastoma: craniospinal irradiation prescribed to the thecal sac and entire vertebral
thecal sac and exiting nerve roots only. (a) Tl-weighted magnetic resonance image | week before radiation treatment. body. (a) Tl-weighted magnetic resonance image | week before radiation treatment. (b) Computed tomography—proton

— (hy Computed tomography—proton radiotherapy treatment plan. (c¢) T1-weighted magnetic resonance image showing radiotherapy treatment plan. (¢} Tl-weighted magnetic resonance image showing hyperintense fatty changes throughout
hyperintense fatty changes in posterior aspect of vertebral bodies | month after completion of proton radiotherapy. entire vertebral bodies | month after completion of proton radiotherapy.

pr— 4‘—'

e

—r
Ado: canal only

tCurie

Protonthérapie d'Orsay




p

_F!EII Mawon r‘r e 10 '£r|Je ||9|r| Ijs-

Lateral Photons Lateral Protons Angled Protons

D

institutCurie

Centre de Protonthérapie d'Orsal




Predicied i@

(Mipalez]]

: Photons: 2 opposed laterals

: Photons: 6 beams
: 9 beams X IMRT

: Protons: 3 beams... in Whole Brain = ventricles

Table 1. Favorable medulloblastoma.

NTCP for 1Q: predicted results averaged over all ages

Table 2. Unfavorable medulloblastoma.

NTCP for 1Q: predicted results averaged over all ages

% Risk of % Risk of
Volume* RT source 1Q <90 Volume* RT source 1Q <90
Plan | X-rays 25.1 Plan | X-Tays 2.1
Plan 2 x-rays (hand plan) 18.2 Plan 2 x-rays (hand plan) 18.7
Plan 3 x-rays (inverse plan) 16,0 Plan 3 X-rays (inverse plan) 17.0
Plan 4 Protons 15.7 Plan 4 Protons 16.3

“Plan 1: standard WBI(TV1). 30 Gy. Plan 2, 3, and 4: TV2,

30 Gy (see text).

*Plan 1. standard WBI (TV1), 30 Gy. Plan 2, 3, and 4: TV,
10 Gy; TV2, 30 Gy (see text).




Table 2. Estimated absolute vearly rate (%) of secondary cancer incidence after treating a
v v .
parameningeal rhabdomyosarcomal with either X-rays, IM X-rays, protons, or [M protons

X-rays IM X-rays Protons IM protons

Yearly rate (%) 0,06 0,03 0.04 0,02
Relative nsk compared to standard
X-ray plan 0.8 0.7 04

Abbreviation: IM = intensity-modulated.

e
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Estimated absolute vearly rate ("4) of secondary cancer
incidence after treating a medulloblastoma case with either

conventional X-ray, IM X-ray, or proton beams

X-rays IM X-ravys Protons
Tumor site () (%) (%)
Stomach and esophagus 0.15 0.11 0.00
Colon 0.15 0.07 0.00
Breast 0.00 0.00 0.00
0.07 0.07 0.01
Thyroid 0.18 0.06 0.00
Bone and connective tissue 0.03 0.02 0.01
[Leukemia 0.07 0.05 0.03
All secondary cancers 0.75 0.43 0.05
elative nsk compared to
standard X-ray plan 1 0.6 0.07

Abbreviation: 1M

intensity-modulated.
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— PROTON THERAPY SUPERIOR
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pem—

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

JL HABRAND,, S BOLLE,

A BEAUDRE, 6 NOEL,
C GAUTHIER, € PICHENOT et al.

Dﬁ- JRadiationm@ncology;
IGR:Villejuif and CPO:Orsay,

France
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Before chemotherapy
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CLINICAL INVESTIGATION Brain

PROTON RADIATION THERAPY (PRT) FOR PEDIATRIC OPTIC PATHWAY
GLIOMAS: COMPARISON WITH 3D PLANNED CONVENTIONAL PHOTONS
AND A STANDARD PHOTON TECHNIQUE

MarTIN Fuss. M.D..* Eucen B. Huc, M.D.*7. RosEMARY A. SCHAEFER. B.S..*
MEWHARD NEVINNY-STICKEL, M.D..* Davier W, Murer, Pu.D..* Janmes M. SLaTer, M.D..* AND
JErrY D). SLATER, M.D.*

Departments of *Radiation Medicine and "Pediatrics, Loma Linda University Medical Center, Loma Linda, CA; and “Department of
Fadiation Oncology, University of Heidelberg, Heidelberg, Germany




Fig. 7. Dose distribution of proton, 3D photon. and standard photon plans superimposed onto representative slices of the
planning CT 1n axial, sagittal, and coronal planes. Displav of GTV 1in red, and 25% (blue). 50% (red). 80% (ocrange),
90% (vellow). and 95% (green) 1sodose lines in color-wash technique. Prescribed total dose was 54 CGE/Gy. CT scan
of a 5-year-old male patient (patient 5, Table 1) with extensive bilateral optic pathway glioma and associated diagnosis
of neurofibromatosis type 1 (NF1).
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Increase of normal tissue - small GTV (<20 cm"]
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E proton

25 | O3D photon

& lateral photon
20
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05% moduse 90% isodoss 80%Giscdose GO isodose  25% isodose

relative value
n

Fig 3. Relative increase of amount of normal tissue included in the
respective isodose volumes for small tumeor volumes (< 20 cm?).
N-axis: 95%, 90%, 80%, 50%. and 25% isodose of proton, 3D
photon, and lateral photon plans. Y-axis: normal tissue volume
encompassed by respective 1sodose levels minus GTV according
to treatment modality. Average values in relation to the normal
tissue volume enclosed in the 95% proton 1sodoses (= base value: 1),

Increase of normal tissue - large GTV (>80 em®)

B proton
g | 03D photon
£ [ateral photon

relative value

el
S5%isodose S0 isodoss  80% isodoss S0% mcdose  25% isodose

Fig. 4 Relative increase of amount of normal tissue included in the
respective 1sodose volumes for large tumor volumes (= 80 cm?).
H-axis: 95%, 90%, 80%, 50%, and 25% 1sodese of proton, 3D
photon. and lateral photon plans. Y-axis: normal tissue volume
encompassed by respective 1sodose levels minus GTV according
to treatment modality. Average values in relation to the normal
tissue volume enclosed in the 95% proton 1sodoses (= base value: 1).
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Fig. 5. Prescribed average treatment doses to 50% and 10% tissue
volume (x-axis) of contralateral optic nerve, optic chiasm. and
pituitary gland. Y-axis: doses in CGE or Gy according to the
displayed proton. 3D photon. or lateral beam photon technique.
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Fig. 6. Prescribed average treatment doses to 30% and 10% tissue
volume (x-axis) of temporal lobes, frontal lobes, and brain stem.
Y-axis: doses in CGE or Gy according to the displaved proton, 3D
photon. or lateral beam photon technique.
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CLINICAL INVESTIGATION Childhood Cancer

FRACTIONATED, THREE-DIMENSIONAL, PLANNING-ASSISTED PROTON-
RADIATION THERAPY FOR ORBITAL RHABDOMYOSARCOMA: A NOVEL
TECHNIQUE

EuceN B. Huc. M.D..*™*¥ Jupy Apams. C.M.D..*T Marxus Frrzek, M.D..*7
ALEXANDER DE Vries. M.D..*T anp Joun E. MUNZENRIDER, M.D.*"

*Department of Radiation Oncology. Massachusetts General Hospital, Boston, MA, and "Harvard Cyclotron Laboratory, Cambridge,
MA: and Departments of “Radiation Medicine and “Pediatrics, Loma Linda University Medical Center. Loma Linda. CA
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Fig. 1. Planong CT of patient A. Schematic cutline of field arrangements. Parch field with sparing of lacrimal gland (A).
lens-sparing patch field (B), and combined field arrangements (C)
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PHYSICS CONTRIEUTION

OPTIMIZING RADIOTHERAPY OF ORBITAL AND PARAORBITAL TUMORS:
INTENSITY-MODULATED X-RAY BEAMS VS, INTENSITY-MODULATED
PROTON BEANMIS

BRavyvonD MirarBerr, M.D..* Lavra CELLA, M.Sc..’*_‘ DayieNy WEBER, M.D..* anD
AnToNY Lomax, PuD.”

*Division de Fadio-Oncologie, Hopitaux Universitaires, Genéve; TStrahlenmedizin Abteilung, Paul Schemrer Institut,
Villigen. Switzerland
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PHYSICS CONTRIBUTION

OPTIMIZING RADIOTHERAPY OF ORBITAL AND PARAORBITAL TUMORS:
INTENSITY-MODULATED X-RAY BEAMS VS, INTENSITY-MODULATED
PROTON BEAMS

Ravmonp MirarBerr, M.D..® Lavra CELLA, M.Sc..'f' Davieny WEeBez, M.D..* anD
AnToNY Lomax, PuD."

*Division de Radio-Oncologie, Hapitaux Universitaires, Genéve; "Strahlenmedizin Abteilung, Paul Scherrer Instifut,
Villigen. Switzetland
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Organ at rsk

HL lens

HL lacrimal gland
HL retina

HL parotid

CL lens

CL lacrimal gland
CL retina

CL optic nerve
CL parotud

Optic clhiuasm
Pituitary gland
Brain stem

7.6
a0
274
5.2
0.6
a0
8.5
277
5.1
137

14.6
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neuroblas’romas
(Hug, MPO' 2001)

institut @@m@
Centre de Protonthérapie d'Ors




<’<’ \/ 2 :’(“(‘ .

B se—
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= Reduced # beams
and integral dose

-~ = Reducedn

—

Courtesy B Timmermdahl PSI

institutCurie

Centre de Protonthérapie d'Orsay




oI, Z Tener-raagxknoaa, 200s6)

e —

= 6 adults , 2 children

= T1to T4

= Prescribed (Gy/CGE): GTV: 72.6, P
N:52.8

= Respect: homogeneity: +7/-5%;

GTV:95/95% dose; Max:<405%
S— 4:_-_. ——

R
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Proton therapy in pediatrics:

CLINICAL EVIDENCES

" Not so many...
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CLINICAL INVESTIGATION Pediatric Tumors

PROTON RADIOTHERAPY IN MANAGENMEXNT OF PEDIATRIC BASE OF
SKULL TUMORS

EuGen B. Hue, M.D..*7** RemnveART A. Sweeney. M.D..” Pavera M. Nurrs, B.S., R.T.(T.).*
Kirry C. Horroway, BT (R.)(T.)," Jerry D. Stater, M.D..= anp Jorw E. MunzenriDER, M.D.*

*Department of Radiation Oncelogy, Massachusetts General Hospital, Boston, MA; "Harvard Cvclotron Laboratory, Cambridge, MA;
Departments of “Fadiation Medicine and “Pediatrics, Loma Linda University Medical Center, Loma Linda, CA



B = I RN S S

— — — LOCAL CONTROL
——— OVERALL SURVIVAL

155
-
-«
>
i
>
(=4
-
(7 )]

0 10 20 30 40 50 60 70 80 90 100
MONTHS

Fig 3. Actuarial rates of local control and overall survival of 20 pediatric patients with malignant skull base tumors after
high-dose, conformal proton or combined proton'photon BT,
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Table 2. Treatment results in 29 pediatric and adolescent patients with mesenchymal tumors of the skull base

Patterns of failure® () Outcome (%)

Histologic findings Surgical Local Overall Overall
(No. of patients) access control control survival

Malignant (20)
Chordomas (10)
Chondrosarcomas (3)
Rhabdomyosarcomas (4)
OthersT (3)

Benign (9)
Giant cell (6)
Angiofibromas (2)
Chondroblastoma (1)

15/20 (75) 11 (55) 13 (63)
6/10 (60) 4 (40) 6 (60)
3/3 (100) 3(100) 3(100)
4/4 (100) 2 (50) 2 (50)
2/3 (66) 2/3 (66) 2/3 (66)
8 (39) 8 (39) 9 (100)
5 (83) 5 (83) 6 (100)
2 (100) 2 (100) 2 (100)
1 1 1

OO OO
OO0 OO0 O -
OO0 OO OO - W

* No regional failures noted.
T Myxoid sarcoma, epithelioid sarcoma, malignant fibrous histiocytoma.




Med Pediatr Oncol 2003:40:309-315

Proton Beam Therapy in the Management of Central Nervous
System Tumors in Childhood: The Preliminary Experience of the
Centre de Protonthérapie d’Orsay

Georges Noel, mp,'* Jean-Louis Habrand, mp,* Svlvie Helire, wp,” Hamid Mammar, mo,"
o , ® . . 3
Chantal Kalifa, mp,* Régis Ferrand, ran,' Anne Beaudre, mp,* Geneviéve Gaboriaud, php,
and Jean-Jacques Mazeron, mp, php 'Y

Background.The purpose of the tudy was to
evaluate clinical results and complications of a
combination of proton and photon irradiation
adminigtered to 17 children with selected cen-
ral nervous system (CNS) tumors. Procedure.
Between July 1994 and September 2000,
17 children, aged from 5 to 17 years imedian:
12 years) with intracranial benign 6 cases) or
malignant (11 cases) tumors, were reated with
phatons (median dose: 40 Cy; 24-54) and
pratons (median dose: 20 CGE; 9-31) at the
Centre de Protonthérapie d'Omay (CPO).
Results. Mean follow-up was 27 months (3-

81). Two patients recurred locally (one marginal
and one in situ). Fifteen patients are alive and
daoing well. Overall, 12, 24, and 36-month local
control rate was 92+ 8% and, 12, 24, and 36-
month overall survival rates were 93 =6%,
83 =11%, and 83 = 1%, respectively. Clinical
initial symptoms remainad stable or subsided in
all patients. Early taxicities were in the expected
range. Conclusions. With a mean 27 months
follow-up, protontherapy was well tolerated for
dases upto 69 CGE and with an excellent local
control rate. Med Pediatr Oncol 2003;40:209-
315. © 2003 Wiley-Liss, Inc.

Key words: protontherapy; central nervous system tumor; childhood tumor
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=] Sarcomas

= craniopharyngiomas
m Brain e
= Others

4glio,6mening,1PNE
1pblastom )
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O Local

1 Nodal

= Distant

m Combined
~ Gontrel

Controlled:90%
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= other
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Previously irradiated

with y knife
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CLINICAL INVESTIGATION Eye

PROTON RADIOTHERAPY FOR ORBITAL RHABDOMYOSARCOMA:
CLINICAL OUTCOME AND A DOSIMETRIC COMPARISON WITH PHOTONS

TorunN Yock, M.D.. M.C.H.. RoBerT SCcHNEIDER., C.M.D.. ALisoN FrIEDMAaNN, M.D..
JupiTH Apams, C.M.D.. BarBara FUuLLERTON, PH.D.. aAND Nancy TarpgieLL, M.D.

Department of Radiation Oncology, Massachusetts General Hospital, Harvard Medical School, Boston, MA

= 7/ children

= Med dose: 46.6 CGE
= Med FUp: 6.3 Y
=Jvecalicontrol: 6/7

_Sguelae%mdlent Vision p preserv m|Id
" orbital asymetry, no pituitary
dysfunction

O,
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(a) PHOTONS (b) PROTONS

100.0
q0.0
a0.0
70.0
600
B0.0
40.0
30.0
200
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X-ray dose Proton dose
Ipsilateral orbital structures average (%)* average (%)* Difference (%) Percent savings'

Retina 73.8 534 204 27.6
Optic nerve 86.1 62.9 23.1 26.9
Orbital bone 83.0 539 29.1 35.0
Lens 61.5 214 40.1 65.1
Lacrimal gland 94.3 69.8 245 26.0

* Mean average of the 90%, 50%, and 10% DVH values for all 7 patients.
" Percent savings: Difference of the means per structure/photon average X 100.

utCurie
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X-ray dose Froton dose
t

Contralateral orbital structures average (% )* average | Difference (%) Percent savings

A

Orbital bone 11. 0.5
Lens 33
Lacrimal gland 2.8
Retina h.2
Optic nerve 15.2

#* Mean average of the 91 o, 10% DVH wvalues for all 7 patients.
" Percent savings: Difference of the means per structure/photon average < 100,

itutCurie
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XN-ray dose Proton dose
Structure average (50 average (% )" [hfference (%) Percent savings'

Hypothalamus 6.3 0.7 3.6 88.7
Pituitary 217 1.3 204 941
Brain 10.4 1.2 9.1 B8 1
Tempaoral lobe (contralateral) 6.3 0.7 3.6 BE.6
Temporal lobe (1psilateral) 18.1 3.3 14.8 B1.8
Chiasm 19.8 1.9 179 90.4

* Mean average of the 90%, 50%, and 10% DWVH values for all 7 patients.
" Percent savings: Difference of the means per structure/photon average > 100.




atorl reicllotriareloV for erlllelrieee

opendymoma -

F acDonald et al. JROBP,2008)

= 17 cases (4 supra tent, 11 infra tent)

= Age: 13 m-13 Y

= Med dose: 55.8 CGE

= Med F Up: only 26 m

=Eec failure: /.
SIBFSI86%; OS: 89%

= Toxicity ?
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SPOT-SCANNING PROTON THERAPY FOR MALIGNANT SOFT TISSUE TUMORS
IN CHILDHOOD: FIRST EXPERIENCES AT THE PAUL SCHERRER INSTITUTE

BEATE TIMMERMANN, M.D..* ANDREAS ScHUCK, M.D.." FELIX NiccLl, M.D..* MArRkUs WEIss, M.D..’
ANTONY JONATHAN Lomax, PH.D..* ErRos PepronNI, PH.D..* ApoLF Coray, PH.D. *
MARTIN JERMANN, PH.D.,* HANs PETER RuTz, M.D.,* AND GUDRUN GOITEIN, M.D.* i

— S R — T ——

Fig. |. Example of the dose distribution for “conventional” proton - . ) .
therapy of a parameningeal rhabdomyocsarcoma in a 13-vear-old girl Fl_;;_ 2. E_.'r.mupl..: of q'.]]l.JI.ﬂCJl.‘-Jl}-'-nu.hJ ulated proton th.:mp}: plan
Thin green line: planning target volume. wn!1 sparing of the lacrimal .gl.u.nd txu.' a lE-}.-c.u'-on by wnh..'_m
orbital rhabdomyosarcoma initially  infiltrating the surrounding
soft tissue.
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Fig. 3. Kaplan-Meier plot of the estimated progression-free sur-

vival rates.

Table 2. Acute toxicity related to proton therapy

Patients

Critical organ evaluable (n) Grade 0 Girade | Grade 1 Grade 111

Grade

Karnotsky
Bone marrow
Skin

Mucosa

Gl tract

G tract
CMNS

Eye

Ear

7]

(13]
12
16
13

3

2
12
1z
1z

Ll IV EE IRV ER S

1
300
year

Fig. 4. Kaplan-Meier plot of the estimated overall survival rates.

Abbreviations: (3l

= gastrointestinal: GU = genitourinary: CNS = central nervous

system.
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Cost-Effectiveness of Proton Radiation in the
Treatment of Childhood Medulloblastoma

Lundkvist J, Ekman M, Rehn Erickson S, J. 0‘/15'3@1‘3,-
Glimelius B
(Cancer, 2005, 13: 793-801)

duced ventsperloo Hatients

Conventional radl s
Proten radiation
Difference

Cost difference tility
(€) Ifferenct

Radlatlon

1Q loss

Hearing loss

GHD

Hypothyroldism

Osteoporosds

Fatal and nonfatal secondary mallgnancies
Other fatal adverss events

¥ intelligence quotient; GHDx growth hormone deficiency.
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= Considerable pottentialities of profton fh;mp 2 4]
“children, esp brain, head & neck, trunk sarcomas

= Pediatrics is becoming a major component of
proton projects

= Reduced long term toxicity (coctilea, pituitary,
cognition, K2...), and improved cost

eiiectiveness: fufure challengesy
R

S i
f’
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