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Spot Scanning Irradiation
with **C Beamsat HIMAC

Eriko URAKABE

National Institute of Radiological Sciences

1. Review of Spot Scanning lrradiation for Treatment

2. Spot Scanning with 11C Beams at HIMAC




Dose Distribution of Radiation
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Using the Bragg-peak characteristics,
dose can be concentrated to the tumor.
Carbon has the biological effectiveness for killing cell.




Request for M edical Irradiation

Uniform irradiation Field, which fits the
shape and position of the tumor.
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PStop at distal end of cancer

therapy
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Usual Irradiation M ethod - |

Initial beam is Iaferall spread to form theuniform irradiation field
—
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Usual Irradiation Method - ||

1) Laterally-broaden beam is vertically spread to the width of tumor.
by Ridge filter.

2) The lateral shape of irradiated field isfit that of tumor by Collimator.

3) The distal edge of irradiated field isfit that of tumor by Bolus.

Ridge Filter (Collimator

'Extra-Dose’
Bolus

5 A
D,
AR AR LR AARER

;

BAAALA

]
Jt‘ :

width of SOBP

Laterally Broaden




=0

'Extra-Dose’

Width of 5O0BP

Bolus

Ridge Filter |Collimator

|

|

B
Range Shifter

Scanning Magnets
(Horizontal, Vertical)



Merit/Demerit of Spot Scanning

Merit :
OBetter Utilization of the Beam
OReduction of the Individual Hardware
OFully Automated Computer Control

Demerit:
ONeed Investment costs
O Sensitivity on Errors (from motion of organ etc.)

O Severe request for the Shape and Position of Beam Spot
&  _ 7 :




Scanning for Treatment ~ Accelerator

Institute
Accerelator

NIRS

NIRS
Cycletron

PSl

PSI-Sector-
Cyclotron

GS|

SIS
Synchrotron

NIRS

HIMAC-
Synchrotron

Therapy Period

1979-1988

1994-

1997-

200477?-

Beam

Proton
(70MeV)

Proton(85-
270MeV)

12C (80-
430MeV/n)

11C
(-355MeV/n)

Beam Size

10mm-square
collimated

5-15mm-
FWHM

4-10mm-
FWHM

~10mm-FWHM

Intensity

O1uA

SUA

10°-10° pps

~10° pps
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365

E. Pedoroni et
a.. Med. Phys.
22(1) (1995)
37

T. Haberer et al.:

NIM A 330
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2540




Scanning for Treatment
~Scanning System

Institute | NIRS | PSI GSI NIRS

HIMAC

Scanning X,Y: X: Magnetic scan,| X,Y: Magnetic X,Y: Magnetic

Method |Magnetic | z: Range shifter, | Scan, Scan,
Scan, Y: Movement of | Z: Energy variation | Z: Range Shifter

patient table by Synchrotron
Beam Beam Electrostatic-
Stopping splitter &




Scanning for Treatment ~Beam Monitors

Transmission type

Institute | NIRS PSI GS| NIRS

HIMAC

|ntens|ty PPIC filled PPIC filled with | PPIC filled with | PPIC filled with
: with Air. Air. N.. Air.
Monl tor | (300-¢ x (220 30 X (250 X 250 % (150- ¢ x
(Effective 10mm3) 5/10mmg) 10mmd) 5mm?)
Volume)

Position | Small PPIC for Strip PPIC MWPC Strip PPIC
Monitor check the (4.44mm-width Al (2mm-wire (Imm-width Al
oni Initial beam strip X 48/8 ch, spacing X 126 | strip, % 152/112 ch,
position 1spot-integrated) ch, 100 s 1spot-integrated)
integrated )




Range Verification using **C Beams

1Cisdecay with positron emit at its range.
using PET detector.

Dose distribution
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Utilization of Spot Scanning with HC

Flow of the treatment:

1) Irradiation for treatment using '1C Beams.

2) Check the irradiated field (The stopping point
distribution of 'C is measured by PET).

3) Feedback to the treatment planning.

11C Beams has low intensity.

— |n order to use 1C for treatment irradiation,
High Beam Efficiency Is necessary.




Specification of Spot Scanning@HIMAC

Irradiation Volume: 100 X 100 X-180mm?3
Maximum Range: 210mm

ISV 10° ~ 10° particle per second
Dose Uniformity:  within £2%

Spot Position Control : Scanning Magnets, Range Shifter
Check for Each Spot: Dose. Position and Width of spot beam
Beam Irradiation ON/OFF: On/Off of the RF-KO Slow Extraction




Scanning Method @ HIMAC

Slice selestion
Range shifter
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Spot selection 4@
Scanning M agnet \
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Irradiation --Monitor

Beam OFF—»

Shifter




Heavy lon Medical Accelerator in Chiba
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Secondary
Beam
Course

F2 B3
TOF counter(stop)
delta-E counter “

5= 3

Iso Center

F1 /
Degrader

TOF counter(gart)

Momentum Slit
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Angular
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7 Primary Beam “C

Maximum magnetic rigitity 8.13Tm
Radius of bending magnet 5m

Maximum beam energy (for °Ne) 600MeV/n
Momemtum acceptance 5%(full width)
Angular acceptance (h, v) 26mrad(full)
Momentum dispersion at F1 2.0m




Production of 11C Beams

Typical parameters.
—Energy of primary 1°C
—Thickness of Be target
—Thickness of Al degrader
—Rigidity window
—Angular window H.&V.

Results:

—Energy of secondary 'C
—Range in water
—Production rate

—Purity

—Beam size at patient

430MeV/in
o1lmm

none

2.0% (FW)
26mrad (FW)

355MeVin
21cm

0.4%

93%

9mm (FWHM)




|rradiation System

Multi teaf Colimator

Pencil Beam Collimater

PSD Detect

4,

Ridge Fileter
Positron Camera

Spot Position Moni
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Dose Monitors

_ WETISTe)
Scanning M agnets

(Horizontal/Vertical)

<

Patient Couch

Range Shifter

5430mm
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- Irradiation Field of 100 X 100mm? 14.2mrad 16.6mrad
- Transition between spots(350MeV/u2C) 1mm/0.2msec 1mm/0.5msec

Field of 100 X 100 X 50mm? irradiated with spot spacing of 5mm:
No. of spot = 20 X 20 x 20=8000 — Transition time = 10sec

Total Irradiation time = 10-20 min.




Dose M onitor

Dose Monitor
Air Gagp =2.5mmx 2

V/F Conv.
IMHz=10V (IMHz max)

P

1/V Conv. >—-=0

e
)
|solated Amp.




Multi-strip

SDOt POSl“ on M Onitor parallel plate ionization chambe
(MuSIC)

Electrode for HV -electrode

Horizontal

Electrode for
Vertical

Al electrode
(strip pitch 1mm, thickness G0N

Polypropylene
0.003mm




Beam On/Off
at Each Spot

SM X Excitation

SMY Excitation
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Production Rate

pth Dose Distribution of

1) Maximize the Beam Efficiency Primary Beam: °C(430MeV/n)
2) Optimize the Number of Slices Production Target: Be 51mm-t
3) Minimizethe Distal Falloff Momentum Distribution: 97.5-99.5%

Depth Dose Distribution +C (355MeV/n)

Momentum Distribution of 11C
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calculation (monochromatic)
calculation (spot)
O measurement (spot)
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Dose Distribution of Spot Beam

|so Center

Dose Distribution of
1C(874MeV/c/n, == 1%)
iIn PMMA phantom

150 165 180

Tt
® measurement Z=150
B measurement Z=165
A measurement Z=180
calculation Z=150
calculation Z=165
calculation Z=180

® measurement Z=0
fitting with a single Gaussian
caculation Z=0 (Eq.4.6)

Physical Dose (arbitrary unit)

Physical Dose (arbitrary unit)
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Depth Dose Distribution Lateral Dose Distribution
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Spot Size (FWHM)=9mm

Distal Falloff (80-20%)
Penumbra (80-20%) = 6.1mm

=2.7/mm




Dose Distribution
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Measured Physical Dose Y

Calculated Physical Dose Distribution
Calculated Biological Dose
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L ateral Dose Distribution
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Stopping point
measured by PET

Volume of Irradiation Field
35 X 35 X 43mm?3

Dose at Center
1.0 Gy
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Present Status:
OThe parameter for spot beam is.investigated.
O Spot-scanning irradiation-system isinstalled.
O3-Dirradiation field is formed.
The dose distribution is measured by ionization chamber.
The stopping point distribution is measured by PET.

Future Plan:

OPatient positioning system.

OThe parameter of the spot beam for treatment.

OThe database for the input of treatment planning.
(dose distribution of spot beam in water etc.)

ODose measurement system

OTreatment planning

OQuality Assurance




Request from Spot Scanning

OBeam Energy
-Maximum Range = 30cm in water (Proton ~ 230MeV)
-Energy variation for dices

O Beam ON/OFF
O Intensity Modulation

-Provide the beams for each spot
In error by less then 1% of the prescribed dose.

O Beam Size and its stability
O Beam Position and its stability




