Beam/Deliverys Systems:
Scattering,’Scanning, wb Gantries
or
Cost Effective’Rarticlé /iherapy?

lon Beam TherapWorkshop;Erice,

2009

Jay Flanz

MGH/FBTC

Harvard Medical School
Flanz 2009 Erice




What iscarBeam Delivery, System?

A Convert theaw accelerator beam todcdinical treatment beam
I What are the parameters needed for a clinical beam?

A Spread out the bean{5d) on the target according to prescription (Conformal)
A Deliver the prescribedosein each of the 5 dimensions

I What are the associated accelerator beam parameters
A See Below
A Not Usually discussed: Beam timirmittance

A Monitor the parameters of the treatment beam.
A Direct the treatment beam to the Target in desired orientation

ACCelerator beainr >m

These are
\ connected!

O Beam Energy 0 Beam Range

o Beam Size 0 Dose Distribution

o Beam Shape 0 Dose Distribution

o0 Beam Current 0 Dose Rate

o Beam Timing o Organ motion/Radiobiology
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Longitudine BeanbmReiebang:
Spreat@uBRigg @ Reals (BDBP)
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Current Modulation DYNAMIC
A Requirement of some Proton Therapy Accelerators
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Transuesgespreading Options

A Passive Scattering
I Single Scattering
I Double Scattering

A Wobbling (Beam Scanning with Scattered bear
A Pure Magnetic Scanning

A Combined Magnetic and Mechanical Scanning
I Moving Magnet
I Moving Patient

A Etc.

Flanz 2009 Erice



MeV, mRad

Sﬂmﬂbfﬂ?mﬁﬂaabbl&ﬁaaﬁagng

Usual reference to double scattering |
I

18 T
- % jead
16\
14 | .
\ brass ! Isocenter
127 8, .
1o} . aluminum
\‘.. water i
ar ‘-\‘\‘a::.\n 1
6F — beryltium
S —
af AE M‘“r,./”‘-—"“—'*-—u_ﬁ_\_«___‘ |
r,/"”
2 -
0

0 10 20 30 40 50 60 70
L, (glem?)
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What ils Soaatiarg? Proton BeanmPrippeiées
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I Single Scattering
I Double Scattering
A Longitudinal

I Range Modulator
I Ridge Filter

Errors for the most part
average out, or are easily
detectable.



To To To Do Ix >o

Decades of ScanningA New Generation

1992ish: B&W Scanning aBNL

Scanning at Berkeley

19789 Spot Scannlng MIRS 30 Patients
I Range Modulator (Fast) + Lateral 2d Spot

mid 199006s: 80t Sc
mid 199006sGSIScannin
2008: Scanning atIDA (with Hitachi)
2008: Scanning at MGH (with IBA)
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E
|
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General Description of Scanning

General Description of ScanningPictorially, figure 1 describes the scanning process.

A beam at position A, at coordinaXg, is characterized by its currdnta n d i t 0 ss,.bleesb@ams i z e
deposits a dose, at location A. After that dose is deposited at location A, taking atjjntee beam is

moved to location B. The time it takes to move from location A to locatiort 8 .isThe beam current

during that movement is,;. The velocity that the beam moves from position A to B is= (Xg-X,)/tsg.

and the current change between A and @/dt = (I ;-1,)/t,5. In this way we have defined all the terms

that are necessary in the delivery of beam scanning.

ASpot o
Time Driven

Dose Driven

Beam off/on

between spots

NRaster/ LI ng/ Segmen

Xg

Digital World
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Time Structure in Pencil Beam Scanning
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More on Time ;) \Notenough/1ime?

A What if the beam is continuous?
I No change from previous slide

A What if the beam is pulsed?
I Example: 6cm x 6cm x 6cm = 0.21 liters
I Example: 8cm x 8cm x 8cm = 0.5 liters
I Beam Size 3.3mm
I Bragg peak width 3.3mm
I Assume Dose Driven Spot Scanning
I #Spots = 600014250
I @ 30ppsA 200 seconds = 3.3 minutes (Once)
I @ 30ppsA 500 seconds = 8 minutes (Once)

RadioBiology Time Effects? (sec, nsec, psec)
e.g. Scanning with E then x, or x then E, Short pulses vs. Rf struc
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ScaniilizoProton BeamPrsppeiées
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Evolution ©f(Canformation
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\What are the some features o1
Proton Beam Scanning?

— l l l Example
| without a
Compensator

e Modul

A Allow a noruniform Dose Delivery
A Reducet fields for a uniform Dose Delivery (Clinical effects?).
A Reduceinwanted Dose (e.g. Proximal Primary Dose)

A Reducehe need for Patient Specific Equipment
I Apertures
I Compensators

A Reduceadiation from primary beam intercepting machine components (n)
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Reference 3[Qimost lan

A Cube of 1%0%))(12(50%) Xx10 cm
(14 layers), 2.7 Gy

A Planned with ASTROID Pedroni et. al.
i Penumbra Optimization (ala S0, intensity profile
PSI/BerkeIey) ' Gauss width: ¢ = 10 ]
i This results in a balance between YT e ;
penumbra and overall uniformity. ® 0.8k h
(There will be ears.) v | *
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compared with the measurement § oal ]
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(b) Position (arbitrary units)




