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D, (z,.p) at any user quality Q
(photons, electrons, protons, heavier ions)

Journal of the ICRU

ICRU REPORT 78

Prescribing, Recording, and Reporting
Proton-Beam Therapy

corrected calibration beam

Instrument coefficient quality

reading at Q at Q, factor
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Np.w approach would ultimately
lead to a dosimetry system,
where the dose applied to a

patient is traceable to the Journal of the ICRU
dosimetry standards
of the national PSDL. &

Prescribing, Recording, and Reporting
Proton-Beam Therapy
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Heavier ion beams
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Energy deposition (MeV/cm)
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NPL protons at CCO

Sensing thermistors NIRS - carbon ions
Expanded
7 | ~polystyrene
. ]
B
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Graphite uminize "M Jacket Core Vacuum gaps
Incident beam " body
Heater
" elements
Vacuum
Calorimeter connection
Graphite medium
' 115 mm

Graphite holder

PMMA dontainer Aluminum case

Sakama et al 2008

Palmans et al 2004
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with cooling
liquid ~._
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plate A% % % 1 —___magnetic
R 2T N S S R SN SS stirrer
Scattering 9.087*10-3 9.118*10-3 0.34
Scanning 1.198*%10-32 1.203*10-3 0.42

Sarfehnia et al., 2010
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c
| 200 mm |
| i
Protons
182 2.95+0.04 2.97+0.09
MeV
2.77 = 0.05 2.69 = 0.08
C12 430
MeV/u

Brede et al., 2006
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ExrT2 Journal of the ICRU

ICRU REPORT 78

Prescribing, Recording, and Reporting
Proton-Beam Therapy
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Decrease of 0.6% in S, ,; for Co-60
Decrease of 0.4% in S, ,;, for protons and heavier ions
Net change in W, ,.o10ns - iNCrease of 0.6% i.e.

Wair protons = 34.44 eV (current value 34.23 eV)
CONCLUSION: the net effect of all the changes

leaves current calculated kQ values unaltered
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Protons and heavier
lon beams: M, M,
k., =a,+a| — [+a,| —
M
2 2
» Pulsed (passive) or ‘ o
pulsed scanned (active) ' .
beams,t. . | e e e Not all beams are pulsed
10 contintious beams IR for determination of
recombination
M M
Two-voltage k. =a, +a, —llyaql —L
S (0] 2
method M, M,
1M =1/M_ +b/V
General recombination
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Synchrotrons (Repetition < 0.5 Hz,
Acceleration 0.5 — 1s)

.

Variable Spill Length( >0.5 sec.)

eceleration.

E

Acceleration

Injection Time

Effective pulse duration is long
compared to ion collection time

MedAustron®

Cyclotrons (small pulses, high
repetition, high dose per pulse)

dose per pulse (0.2 Gy)
pulse length 400pus

maximum transit time for the ionization
chamber 152 ps (300 V) and 76 ps
(600 V) Lorin et al, 2008

lon collection time of ion chamber
shorter compared to pulse duration

of ion chamber K = (VN /VL )2 -1

S

continuous beam

(VN /VL)Z_(MN /ML)

Scanned continuous beam

The user should verify recombination corrections against independent method
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Ja)Fixed Modulation, . T

Calibration

at SOBP

Reference conditions are facility specific

Protons Calibration
spot scanning ‘ at SOBP

Carbon ions ‘ . :
spot scanning Calibration

at plateau

( Pedroni et al)

17
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Proton spot scanning calibration

PSI

(Pedroni et al, 2005)

Aluminum Foil

Electrons %

Electrostatic Guard
Ring

MD ACC

(Gillin et al, 2010)
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Vacuum Housing
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D,, = (N/A) (S/p), * 1.602 x 10 10
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TRS 398, ICRU 78 MedAustron®

u(Np,,>>"") = 0.6 kg calc
Co-60 gamma-rays 0.9
High-energy photons 1.5
High-energy electrons 1.4-2.1
Proton beams 2.0-2.3
Heavier ions 3.0-3.4

Instrumentation for verification of dose: ional worksh 19
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Relative dose _
measurements Dosimetry tasks
require no detector « Routine daily clinical physics

. ] activit
calibration other than 4 o
. . « Beam line commissioning
verification of

« Collecting data for TPS

linearity of response . Periodic QA
within assumed Beamn characteristics
dynamic range of v Depth dose
measurement v' Lateral profiles
conditions v' Output factors
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Active detectors:
Direct display of the

Ion chambers, diodes, > current dose rate
diamond detector, or the accumulating dose

scintillators

(single and multiple)

Passive detectors:

Probe accumulates the

Destructive - TLD dose during irradiation.
Non-destructive — Films, ) The value of dose is
alanine obtained after irradiation

with read-out device
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S. Vatnitsky



MedAustron®

126 MeV protons, collimator 30 mm, no modulation
11 T T T T T
10r e Markus chamber %
v  Diode DEB 50
09 L = Diamond detector $
¢  PinPoint chamber v
0.8 | ¢ ¥
° v
0.7 | s ©
- [ ]
2 0.6 &
2 N
8 05
[0)
@
0.4 v
)i g ¢ ®
0.2 .
v
0.1
0.0 ] ] ] ] -
0 20 40 60 80 100 120
Depth in water, mm
The user should carefully select detectors depending on beam size
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Characterization of scanned
proton pencil beams

MedAustronm

Dose profiles
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Kimstrand et al. 2007
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gantry head dose 100
N scintillator screen :l =
80 &
rang 2
shifter ~ airgap ] o0 i
plates o 200 mm 1 S '4
;] 148
' 20 8
I 1"
____________ A

phantom
material

depth (mm)

Boon et al 2000

Courtesy CMS

Helntive dow / %
T

Courtesy of J. Heese E. Pedroni et al. 2005 Rosenthal et al. 2004
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relative dose

| - w

Olko et al. 2004
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Radiochromic film

&

I

| A. Entrance ¢

—e— MD- 55 film 4
—v— Kodak XV-2 film

B. SOBP region |

o 1 2 3

off-axis data, mm
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relative dose

155 MeV, modulation 3 cm, normalized at 11 ¢
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relative dose
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»  BANG-1 gel
0.24 MIC in water
- - - calculated
0.0 T T
0 10 20 30
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Implementation of

ICRU Report 78
JAEA TRS 398
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MedAustron®

harmonize clinical dosimetry
at proton and heavier
lon beam facilities

provide a level of accuracy
comparable to that
In_calibration of photon
and electron beams
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