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Sugarzas hatasallonbos szinteken
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A sugakezeléeshatasa, célja
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‘ A fizikal specificitas

| novekedes
Céltérfogat Ep szovetek
Szelektiv, homogén, ill. Besugarzott térfogat es
tervezett inhomogéen normal szdveti dozisterhelés
besugarzas csOkkenese
TCP 1 NTCP |

Terapias index novekszik




Szelektiv sugarterapia

3D/IG brachyterapia

3DCRT/sztereotax
IMRT/HT/VMAT

HADRON TERAPIA

IGRT



Image giderhytherapy
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Celtérfogat meghatarozas
2D becslés, Anatomia,Szimulator

CT, PET-CT/MRI

Sugarforrasok

X-ray tube,Orthovolt (250KV)

Cobalt beam1,26 MeVv
Linearis gyorsito/ VMAT
Helical-/Robot-forras
Synchrocyclotron/reaktor

Laser indukalt hadron
forras

Tervezes
Manualis, 2D

3D forward, inverz




Kivitelezés

Pozicionalas/ beallitas
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Folyamat-rendszer

Beteg fektetés
immobilizacio

Tervezeési

| képalkotas(CY|

3D
tervezes

Beallitas, me:
zoellendrzés

PET-CT/MRI
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Re-CT 45Gy-nél

Maximlzed : soale=tz 1.11
















Atommag részecskek
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Neutror

Nehéez iorok:
Szén, Oxigen, Neon

2010-ig >80.000 beteg
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[' Orleans 14 MeV MM.,GBM
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o Seattle 50 MeV prostate.

Washington (Fermi)  sinus,ut. sc,lung
- Faure 60 MeV -“-
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A proton terapidOrténete

1946 Robert Wilson

1948 Tobias, Lawrence (Berkeley)(hypophysecstpbm

1954-56  Boerje Larsson (Uppsala)

1960 Graffman 60 beteg.(Stereotactic neurosurgery)

Early ‘60 Sweet, Koehler, (Kjellberg, Harva- AV. malform.

1969 Ganz (retinoblastoma), Constable (eye melanoma)

1970 Suit, Goitein (agyalapi daganatok), Oroszo, Japan (Tokio, Chil
1983 Tsukuba 250 MeV (tudo, mediast, Gl, Gyn,...)

1967 El$ nagyme#s proton besugarzas Svédorszagban

1974 Nagymeds frakcionalt proton kezelesi program /HCL, Cambrid

1990 El$ hospital-based proton kezelési kp. - Loma Linda



Heidelgberg lon Therapy
HIT




- Proton Therapy Scientific Milestones

12931 First cyclotron (E.O. Lawrence, LBMNL)

Location.
— 1945 Biomedical advantages of Bragg-peak (R.R. Wilson, LBML) # pat treated by 2004
1947 184-Ilnch Synchrocyclotron (E.O. Lawrence, LENL) =200 MeV ]

1948 First biology experiments using protons (C.A. Tobias, LEML)

1855 Human therapeutic exposure (LBMNL) M—peak ireatment

1993 Bevalac closed (LEML) Hospital-Based

1950

LENL 30 }—{LENL (helium ion 2054 |

DpSala, SwWaaeh re — pricl=)
IMGH . Cambridge, MA 9116
[Moscow 453y

Dubna B4 ]
I_FSL_PEMFQ 1&%
hiba, Japan _ 133

700
land Srie + ] 129
Clatterbridge LIK 1201
Louvain, Belgium__21] .
Mice, France 1951
Ursay. France 2137
|Blcomington, IN - 34

o

Faure, S Africa 388

Davis, TA 448
ancouver i

217

|

Hyogo 1]

‘Wakasa 2

Eoston 229

Tsukuba145




Canada Vancouver (TRIUMF)
China Wanjie (WPTC)

China Lanzhou

England Clatterbridge

France Nice (CAL)

France Orsay (CPO)

Germany Berlin (HMI)

Germany Munich (RPTC)
Germany HIT, Heidelberg
Germany HIT, Heidelberg

Italy Catania (INFN-LNS)

Japan Chiba (HIMAC)

Japan Kashiwa (NCC)

Japan Hyogo (HIBMC)

Japan Hyogo (HIBMC)

Japan Tsukuba (PMRC, 2)
Japan Shizuok

Korea llsan, Korea

Russia Moscow (ITEP)

Russia St. Petersburg

Russia Dubna (JINR, 2)

South Africa iThemba LABS p 1993
Sweden Uppsala (2)
Switzerland Villigen PSI, incl OPTIS2
CA., USAUCSF - CNL

CA., USA Loma Linda (LLUMC)
IN., USA Bloomington (MPRI, 2)
MA., USA Boston (NPTC)

TX, USA Houston

FL, USA UFPTI Jacksonville

p 1995
p 2004

C ion 2006

p 1989
p 1991

p 1991
p 1998

_p 2009

_Cion 2010

—p 2010
_p_;QQZ

_Cion 1994

p 1998
p 2001

C ion 2002

p 2001
p 2003
p 2007
p 1969
p 1975
p 1999

p 1989
p 1996
p 1994
p 1990
—p 2004
p 2001
-p2006
—p2006

OK, USA Oklahoma City (ProCure PTC) —p-2009

IL, USA CDH Warrenville

84492 Grand Total

2010

511

152
1078
126
2021
4209
5216
1660
446
400
40
174
5497
772
2382
638
1849
986
648
4246
1362
720
Dec-09
1000
772
1285
15000
1145
4967
2700
2679
21

64702 Total

Patient Statistics (2011.majus)

Dec-10
Dec-10
Dec-10
Dec-10
Dec-10
Dec-10
Dec-10
Dec-10
Dec-10
Dec-10
Mar-09
Aug-10
Dec-10
Nov-09
Nov-09

Dec-10
Dec-1C

Dec-10
Dec-10

Dec-10

Dec-10

Dec-10

Dec-10
Dec-10
Jan-11
Dec-10
Dec-10
Dec-10
Dec-10

Dec-09

Oct-10

ocular tumors only

ocular tumors only
ocular tumors only

4245 ocular tumors
ocular tumors only

estimate; has to be cahfirme

estimate; has to be confirmed
ocular tumors only

47 ocular tumors
ocular tumors only

about 500 with scanning

= 6661 C-ions + 58041 protons






A protonterapidolyamatai
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Percentage of Dose
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NICE CYCLOTRON:
65 MeV Protons

Maximum Range 32,2mm
Fall-off (90-10%) 0.8mm

5 10 15 20 25
Range in mm of ocular tissue
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Proton Beam Shaping Devices

Wax bolus  Cerrobend aperture Modulating wheels



(WED) along single ray
P
e Look-up table —

 Reasonably accurate for
simple hetero-geneities '

e Simple and fast



Pencil Beam Dose Algorithm

Cylindrical coordinates ' — WED =

»,
Measured or calculate 7,
pencil kernel S

[ ——
Water-equivalent depth

Accounts for multiple
Coloumb scattering

more time consuming




Monte Carlo Dose Algorithm

Considered as “gold
standard”

Accounts for all relevant
ohysical interactior

~ollows secondary particls

Requires accurate cross
section data bases

Includes source geometr
Very time consuming
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Hug E.B., Sweeney R.A., Nurre P.M., Holloway K.Slater J.D., Munzenrider J.E.
Proton radiotherapy in management of pediatric lohse

skull tumors
Int J Radiat Oncol Biol Phys. 2002 Vol. 52, No.4, pp 1017-1024

Locally advanced disease
16 chordoma, 9 chondrosc., 8 rhabgost. 5 other sc

5 years local tumor control 72%

5 years overal survival 56%

Serious neurological complication 7 %
(motor/sensor function deterioration)
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Protonterapia indikacioja

Sugarérzekeny strukturakkal ovezett lokalisan
novek\w tumorok:
Szem tumorok (melanoma, retinobl.)

Agyalapra terjeé tumorok(chordomak, chondrosarcom:
meningiomak, orrmellékiireg .

Kp.-1 Idegrsz agydaganatok, gerinceill. paraspinalis
tumorok, AV malform.

Gyermekkori daganatok
Prostata karcinbma
EmIo, fejnyak, nyebcss, tldd



PET Localization for Functional
Proton Radiosurgery

Treatment of Parkinson’s disease
Multiple narrow p beams of high

Ll

energy (250 MeV) /}
Focused sho-through | — 22— /"
technique / /’h

Very high local dose (> 100 Gy)

PET verification possible after
test dose

<l




Positron Emission Tomography (PET)
of Proton Beams

Reaction Half-life Threshold Energy (MeV)
180(p,pn}°0O 2.0 min 16.6
160(p,2p2n)°N 10.0 min 5.5
160(p,3p3n)C 20.3 min 14.3
N(p,pn)N 10.0 min 11.3
“N(p,2p2n}iC 20.3 min 3.1

2C(p,pn}'N 20.3 min 20.3



z [nm] z [nml

Z [nml]

20

20

10

20

Carbon ion terapia

Protons in H,O Carbon lons in H,0

=

=~ 0.2 MeV/u

4
X

7

1 MeV/u

10 MeV/u

DNA

10

10

10C éstiC positron kibocsajtok - kezelés
monitorizalas PE-EI.

Nagy fizikai specificitas + nagy LE

Hatranyai

e draga
o korlatozottsagok (fixalt gantry)
*Tervezesi, kivitelezesi precizitas



- High-LET Particle Therapy— Milestones

— 1956 Scientific justification of using HCP for therapy

— 1971 Heavy ions in Bevatron
1971 Radiobiology using neon ions

1975 Bevalac completed

1976 HCP therapy trial at Bevalac
1993 Bevalan stand down

1950 1960 1970 1980 1990 2000
LEBNL, Berkeley 433

[HIMAC, Chiba, Japan, 917
CLINICAL TRIAL GSI, Darmstadt, Germany 84

i

Hyogyo, Japan, commissioned
Heildelberg, Germany, gb

Stockholm, Sweden, planned
ADROTERAPIA, ltaly, planned

MedAustron

25 years) Hospital-Based
Medical Accelerators
>7000




Neutron befogas terapia

Alapja egyes atomok relative nagy
valosziriisedi termikus neutrotbefogasa

e BOr neutron befogas
o Gadolinium neutron befogas

|

Nuclearis reakcio



Bor Neutron Befogas Terapia BNCT

e Binaris rendszer

« High LET L X
» High RBE N / EE:;"E
e Cell-targeted RT ,/

H1I|:|h

Boron carrier
BPA (borophenylanalin)

BSH NgB,,H;SH




Dose components

20.0
DBoron
16.0
DNitrogen
DPhoton N
= 120
Dneutror %

HNC: 2,2 MeV photons

NNC: back scatered protons

Dase Depth curve centre line of beam 110

Irr lime 105,28 mins, Baron—10 cone 30,00 ppm

H | | | | | | | | | | | | | | | -
B o—& Total Dose
B m----m B0 Doze
- Fheton Doze
- & — AMN14 Dose

A4 —HReacoil Dose

u

.0 ﬂ_{::;:au** **i L £ 78 W e J“ﬂ.: '.'.'I'.;.i o _=|
0.0 0.0 150

10.0
Depth (em)



Miért nem alkalmazzak széleskibben a
hadronterapiat?

The main limitation to use widely the CPT iIs
the enormous cost of cyclotron based
proton/heavy ion accelerator (around :
million £) and the high maintenance-operation
costs. According to recent estimation the cost
of a Laser-driven CPT facility can be 10 folds
lower (cc. 10 million£).



Injector (RFQ/DTL Linac): Max.
energy: 7 MeV
Proton synchrotron:
Energy: 70 . 270 MeV
Repetition rate: 0.15. 0.5 Hz
Extracted beam intensity:1.0 X
1011protons/pulse, (16 nC/pulse)

Sl Traatment

Rt 1

--.-— irrageaton
g5 .

ol rel FIDW .

T restrmaand .
l'tru:'uﬂ =

with respiratory motion) |
with 1 fixed-beam research
and 2 gantry treatment rooms

\\

A3y

Acceleralon
Cromtrol Roorme




,Table top” hadron forras

I‘ Proton heam source

Laser ransmitter PET
L L L X X '

F'Ilﬂﬂnl
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Orvosi hadron forras

Intenziv sugarbiologiail kutatas

Klinikai vizsgalatok

BETEGKEZELES

Frakcionalas optimalizalasa/sugarsebe
Kombinacio

— Mas sugarkezelessekkel

— Kemoterapiaval/ biol. valaszmodositokkal
— Sugarvéd anyagokkal




Ceélkitizeés

Kompakt, koltséehatekonyLaser
iIndukalt proton/ion berendezés
amely betegeknerga- ésinterzitas
modulalt, toltott reszecske kezelesére
(EIMCPT) alkalmas



Laserhadron terapias egyseg

1. Laser technology and target design for protamécceleration

2. Technology and system development for the parsicurce *
operated as a treating facility- QA

.3 Dosimetric measurement and calculation on ther *!
. accelerated charged particle for therapeutic agtidio |

4. Preclinical research on the biological effefdiaser driven CPT

5. Development of advanced patient positioningividual
Immobilization for planning and CPT delivery.




radiation protection
particle /energy selection
particle intensity, direction, dose rate
beam collimation
complex facility design
proper room-buliding design
beam operation
treatment monitoring
guality assurance



- L

(=t

s light infrastruciure




Sugarbiol. munkacsoport feladat:

|. Specialis pozicionald és immobilizacios eszkdeftgtes
hadronterapiahoz
Il. Lézer indukalt sugarforrasok hatasanak vizasgah alkalmas
biologial modelek kidolgozasa

- konvencionalis sugarforrasnal harosrbiologiai rendszer beallité

- Sugarkezelés- biologiai hatas vizsgalata




