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Acceptance test

Assure that the specifications of a product and safety standards are
fulfilled (radiation and electrical hazards)

Tests are performed in the presence of a manufacturer’s representative.

Commissioning

Characterization of the equipment’s performance over the whole
range of possible operation following acceptance incl. the preparation of
procedures, protocols, instructions, data for clinical service.

Itincludes development of SOPs and QC tests and training.

Periodic QA

Procedures which are performed regularly and which allow to assess, if
the initial requirements are still fulfilled; may involve different procedures
than during commissioning;

Patient specific QA

Procedures performed on patient specific treatment plan or equipment.
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Overview of QA checks
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Safety checks

Beam Abort Systems
Personal Safety System

Therapy control system
275 MeV/u '2C in Water, 3mm FWHM

&

G&am Parameters

-1

o
n

lon species
Intensity
Energy (Range)
Beam position
Beam width .

o
n

Lateral Dimension (cm)
o

14

8 10 12
Penetration Depth (cm)

Dosimetry

Patient positioning

Therapy Planning There are few detailed and hard requirements.

Patient specific QA (Plan e
s User alwaﬁhas to define a specific QA program.

Courtesy B. Ackermann & O. Jakel (HIT)
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o Dose verification

Dose verification aims to assure correct beam delivery

For passive delivery, QA-measures essentially means to

control patient-specific hardware (collimator, compensator)
- This together with the selection of the range modulator and the
range shifter setting defines the relative dose distribution
- Absolute dose is defined by a single output factor
- Usually no dedicated dose verification is performed
* Output factor calculation
— Two separate programs
* Field hardware check
— Aperture tolerance (+0.5mm) = Patient—specific QA
Compensator tolerance (£0.5mm) Res at MGH Boston

1)

T

(H.M. Lu)

C. Karger

13.07.2020
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o Dose verification
MAXIMILIANS-
AR

* For scanning, the field is produced by superposition of
many pencil beams which differ in energy and position
- This imposed a higher risk of failure
- The dose may be correct at one point but wrong at another
- Independent verification (mostly by measurements) required

* Situation similar to photon RT (open fields vs IMRT)

Courtesy C. Karger; Image MD Anderson
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What do we need dosimetry for?

Lateral and depth dose profiles

Calibration of the particle monitor

Constancy of the calibration and applied dose
Complex dose distributions

Treatment plan verification
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Example of dosimetric QA
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Tanee I1. A list of QA procedures adopted at CNAO with their related frequencies and tolerances.

Test type Beam type Method Tolerance Frequency \
Energy constancy (cf. Monoenergetic pencil beam EBT3 films + All-in-one 1mm (p)0.6mm | Daily
Sec. 2B.1) (p)uniform scanning beam, phantom (©12)

monoenergetic (C-12)
Spot size (cf. Sec. 2.B.2) Monoenergetic pencil beam EBT3 films + film holder 1 mm or 10% Daily
Spot position (isocenter) (cf.  Monoenergetic scanned pencil beam  Strip chambers Monitor] 1 mm Daily
Sec. 2B.3)
Spot position over the scan Monoenergetic scanned pencil beam  EBTS films + All-in-one 1 mm Daily
field (cf. Sec. 2.B.3) phantom
Dose homogeneity in Uniform scanning beam, EBT3 films + film holder 5% Daily

clSec2 monoenergetic

Uniform scanning beam, Farmer IC? + water 2% for kg 3% for | Daily
Scc2BS monoenergetic phantom C(E)
BM reproducibility (R)and ~ Uniform scanning beam, Farmer IC + water 1% (R)and 2% (P) | Weekly (R) and monthly (P)
proportionality (P) (cf. monoenergetic phantom
Sec. 2B.5)
Dose in a reference volume Modulated scanning beam, SOBP Farmer IC + water 5% Daily
(cubic volume) (cf. Sec. 2.B.6) phantom
Dose distributions in water Modulated scanning beam, SOBP PinPoint + 3D holder 5% Half-yearly
phantom (cf. Sec. 2.B.6)
Dose distributions in Modulated scanning beam, SOBP PinPoint + inhomoge- 5% Half-yearly
inhomogeneous phantom (cf. neous phantom
Sec. 2A.9)
Energy constancy (cf. Monoenergetic pencil beam Peakfinder 0.5 mm at90% of | Half-yearly
Sec. 2.A.1) distal dose
Beam contamination (cf Monoenergetic pencil beam Peakfinder No contaminants | Yearly
Sec. 2.A.2)

Crange calibration (cl. Monoenergetic pencil beam CT scan + Peakfinder SHUg"or 1.5% of | Yearly

Sec. 2A.9) HUpe values forany  \ /

material

*IC is the ionization chamber.
"HU = Hounsficld unit.

Medical Physics, Vol. 42, No. 9, September 2015
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owie Example of daily QA at HIT

Daily QA

*Daily checks:
« Tests of the control system:

*beam position, feedback loo
interlocks, ...

« Film homogeneity, field
alignment

+» Monitor calibration f. 6
energies
+ Dose in reference field
» Safety checks:

* Laser/imager alignment Required time

* Emergency switches . Safety- & alignment: 20 min

« treatment table - Monitor calibration: 15 min

* Dosimetry in ref.-field: 10 min

Source: 0. Jikel, HITSDKFZ

13.07.2020
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How to measure dose?

Calorimetry direct
lonometry i
Film (2D)
Gel (3D) -
~ indirect

wwe | |Quenching of dosimeters
LMU| st in ion beams

Carbon ion radiation (high LET):
dense ionization tracks and large amount of charge:
recombination of charges especially in condensed matter
leads to strong saturation effects

Protons (low LET):

dense ionization tracks only in the Bragg peak - recombination
effects less important

n

I
100 T
Ji

i

I
[
Example of a proton ® ..__/
depth dose measured e i ke

Relative signal

with a Markus IC and Si-Diode
(E. Grusell, J.Medin, PMB 2000) o

50 100 150 200
Depth in water (mm)

Gaseous detectors show only relatively small recombination

13.07.2020
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Nuclear fragmentation in C12 radiation:
Fragmentation gives rise to a spectrum of secondary charged
particles with different charge and energy
Most chemical, luminescence etc. detectors show a dependence of
the signal on these parameters!
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lonization detectors are less dependent on particle spectrum

0.00

LUDWIG-

LMU| |evesiees How to measure dose?

MONCHEN

Calorimetry direct
lonometry 7
Film (2D)
Gel (3D)
= indirect

13.07.2020
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lonizing radiation creates positive and negative charge
carriers which drift to the electrodes

Charge Q «x D
Current I <« D Bacdiation
Take care about Source 1 3
saturation! X R A
( a\/] T oy ¢
Ion chamber T
- +
|
LMU Ow. lonometry — some theory
Dose to airin IC
1w QW
o air € Pair * Vair €

—: Mean energy to produce an ion-pair in air

(e.g. 34.44 eV for protons and 34.71 eV for carbon ions
according to ICRU90)

Dose to water
Dy = Dy - Sw,air ° P

p: detector specific calibration factor
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Taking into account different beam qualities Q
Dy,o = Mq - Npw,g, * ko

N : calibration coefficient (abs. dose to water)
k: beam quality factor

_ (Sw,air)Q (Wair)Q Po
(Sw,air)60co Wair)eoc, Peoc,

kq

LUDWIG- |0nometry -
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Most popular form: cylindrical IC
Independent of radial direction

Measures dose at one point (in phantom)
Repeat measurement or use |C block/array

Graphite central electrode

PTCFE insulator outer slectrode Radius 2-7mm
Length 4-25mm

| a— > Volume 0.05-1cm3

Dural '

Very high precision

13.07.2020
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— Dose verification for acti\Te

Problem:
» Scanning chambers for dynamic
fields not suitable

* Simultaneous measurement of
many channels

Verification phantom:
* 24 Pinpoint chambers
* Readout by 2 Multidos-Electrometers
* Computer controlled movement of
the chambers in the water phantom

LMU | @ || beam delivery @ HIT

— Dose verification for activ‘e

Measurement equipment
* Water Phantom (PTW Freiburg)

* 24 PinPoint chamber array connected to a MP3 controller
+ Data analysis: Verification system for Three-dimensional

dosimetric verification

MP3~ 4
BN -, controller
V4 R L R/

dy, -
Water ",.".

Phantoiy = -’

Ry B

Array of 24 PinPoint
Chambers

13.07.2020
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Absolute Dosimetry accordin
LMU | s | |to IAEA TRS398

=y
O

D,,=M kpk

M: measured Charge [C]

elec

k

po]kq Q JD,W,Q0 ’ kQQO

ND,W,QO: chamber specific [Gy/C] kQ,Q0 Werte aus Farmerkammer | Pinpointkammer
IAEA TRS 398 M30010 M31015
Krp = Ko/
Protonen k, bei R = 4g/cm? 1.030 1.026
_ Q,Q0 res
I(elec =1.00
K fur R,,=30g/cm? und
Q.Q0 res’ - —
k . =1.00 R...=0.5g/cm? 1.028 -1.033 1.024 - 1.029
pol res
_ Protonen, Unsicherheit unter o o
ks,Q =1.00 Referenzbedingungen A LR
Kohlenstoff kg oo 1.031 1.027
Kohlenstoff, UnS|ch§rhe|t unter 2.8% 2.8%
Referenzbedingungen
Koo bei HIT fur beide 1.030 1.026
lonensorten verwendet
Rey =Ry -z (10.1)
where z is the depth of measurement and R, is the practical range (both expressed in gem’). which is
defined [116] as the depth at which the absorbed dose beyond the Bragg peak or SOBP falls to 10% of its
maximum value (see Figure 10.1b).
— Data analysis

MAXIMILIANS-
UNIVERSITAT
MONCHEN

— Vx Verification Mode RTT-PT System Siemens PT
Excel

Detector Position it
(o] um
Yiem| m

2fem

Chamber

! socwonsonsns

=

[T

Courtesy B. Ackermann (HIT)

13.07.2020
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Parallel plate ionization chamber

Reduced accuracy for dose quantification, and directional dependence
Large area ICs used for laterally integrated Bragg-curves

Water absorber
\ — of computer controlled
. variable thickness

LUDWIG-

LMU| e How to measure dose?

MONCHEN

Calorimetry direct
lonometry 7
Film (2D)
Gel (3D)
= indirect

12
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B Film dosimetry

A Sy Regueis 2 41

figure: http://www.medizin.uni-halle.de/kuwc/media/k_draht.jpg

Figure: http://skullsinthestars.files.wordpress.com/2009/06/rontgenhand.gif

mamoas: | F1lM dosimetry - properties
LMU s
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Radiographic

Agtis reduced
Chemical development
Silver bromide (high Z)
Dose range mGy-Gy

Strong energy
dependence

Densitometer (light)
Fading (latent image)

Cost effective (but being
increasingly replaced by
new generation films)

Radiochromic

Colourless monomer -> blue
(or other colour) polymer

Self developing

Polymer (tissue equivalent)
Dose range (c)Gy-100Gy
Small energy dependence
Special densitometer (laser)
Even better spatial resolution
Sensitive surface

13.07.2020
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Film response — some theory
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Ideally, the relationship between dose and OD should be linear
In reality, there is only a limited range in which linearity is ~ satisfied

» Atypical sensitometric curve (i.e., OD — dose relation) looks like

A To be subtracted Over-exposure
/

4t Under-exposure {4) Shoulder

3l
[m]
o] 3] Ligear portion

2r ptimum

measurement
L condition
(2) Toe
0 1 1 1 | }_
1 10 100 1000

Exposure (arbitrary units)

FIG. 3.7. Typical sensitometric (characteristic H&ED) curve for a radiographic film.
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Film response to ion beams

LUDWIG-

A different calibration curve applies to each ion type and energy
Only when the spectrum is known, the signal can be determined

and compared with measurement

— L o
1 e o
¥ . R ==~ phys. Bragg-Peak
- - — L s Bragg-Pea
> - ) ol 08 €
g o “ — Caleulation
] g c0s8
9] =)
= oo
© S04t
;: (W]
— ® Protons 097k
B Carbon ions
— Caleulation
0.01% 35 7 : 5 3 57 : P 5 7 0.0 L L . |
! e w00 T 0 5 10 = 20 25 30
specific particle energy [MeV/ul penstration depth [rmml

Spielberger et al Phys. Med Biol. 47 (2002)

LEM may be used for calculation the efficiency of detectors

14
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(Former) equipment:
-X-Omat V Films

-Vidar Dosimetry Pro Advantage RED

-Filmscan and — analyze Moduls in MC? from PTW Freiburg

Courtesy B. Ackermann (HIT)

LUDWIG-
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QA of scanned ion beam therapy:
a practical insight

12 July 2020 K. Parodi 30

13.07.2020
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. Technique of raster
LMU| iz scanning at HIT

5 sec beam on,
then 5 sec. pause
to accelerate new
particles

10 different beam
intensities

255 different
energies

4 (6) different foci

Position and
Width

Monitoring
System

Intensity

Siemens AG

QA beam parameters -
LUDWIG- L . .
LMIU | [Baessiras Energies (with water column)

Water absorber
computer controlle
variable thlckness

Depth dose
curves with ~ 50
um preC|S|on

=5 ERE T i s

Peakfinder (PTW) Ackermann, Brons, Heeg, Parodi

16



QA beam parameters -
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LMU | i | [Energies (with brass wedge) 5j_
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Courtesy B. Ackermann (HIT)

QA beam parameters -
LMU | i || Position (with 1ISO-MWPC)

MONCHEN

ISO-MWPC

Focus 2, Position X, ¥

Delta X {HC1} L]
Delta ¥ (nc1) (=]
1.5 Delta X (MC2) &
Delta ¥ (nC2) a
Delta X (nC3) -
Delta ¥ (nC3) <
1 b Expected (8 nn)
Upper linit 1.5 nn}
o Lower limit {-1,5 nn)
s
£ * * ¢ +*
E 5L * $ . P
"E < < .
o - F
[ 2
3 Ak a a a F3 a A
: 2 4 & r 2
s
3
5 -8.5
3
4
k4
-1
-1.5

188 158 208 250 368 358 488 450
Energy [He¥/ul

Courtesy B. Ackermann (HIT)

13.07.2020
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QA beam parameters -
Width (with ISO-MWPC)

ISO-MWPC

Focus 2, FHHH X, ¥

16 -

14 -

12 -

18 -

FHHN [and

180 156 208 256 369 358 469
Energy [Hev/ul

Courtesy B. Ackermann (HIT)

FHHrix (HC1}
FHHHy (HC1}
FHHMx (HC2)
FHHry (HC2}
FHHrix (HC3)
FHHHy {HC3}
Expected focus
Upper linit (50%}

Lover linit {-950%)

LUDWIG-

MAXIMILIANS-
UNIVERSITAT

QA beam parameters -
Position, Range and Width
(o -

with-daily-film)

vV T y SIS

Seitenansicht:

Sicht von oben:

I -

Courtesy B. Ackermann (HIT)

13.07.2020
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absolute intensity deviations
60 T T T

relative deviation (TCU1/2/3) [%]

-100

Il 1 Il Il Il
0 2000 4000 6000 8000 10000 12000
absolute point Nr.

Overview QA checks — Dosimetry
Independency of Monitoring system at different fluences

"

intensities
" " " “ positions
IC-Monitorcalibration
Monoenergetic (2d) Fieldhomogeneity
Spread Out Bragg Peak (3d) Homogeneity Calculated TPS-
Dose in centre of SOBP Plans needed

13.07.2020
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(a) Passive beam delivery

Collimator

Range shifter  Modulator wheel

Beam monitor

Depth in water”
(b) Active beam delivery
-
2
g| IC
S
2 I C =Particles/MU
Horizontal Vertical
deflection deflection Depth in water

Phys. Med. Biol. 55 (2010) R193-R234

Farmer chamber: Bragg peak chamber:
-Typ 30010 * sensitive volume: 10.5 cm?3
-Volume 0.6 cm3 « diameter of sensitive area: 82 mm
» watereq. thickness of entrance window: 4mm
A (approxt 14 7 10 m fiew 126 star (g
m5 LET) 95 536 59
g P8LE0.05
B L/ BNTRANCE w 00w
] i ==
&

$103.95+40.15

605401
12.9540.15

Abbiidung 5. Abmessungen der Kammem Typ 30070 und Typ 30012

e

13.07.2020
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Small chamber and large field or
large chamber and small fiel

o
)

particles
cm?

5cm

s9erreersseres

peosssssssse
peessssssses

particles

B. Ackermann, HIT

LMU
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Method comparison

T

Farmer chamber

(thimble ionization chamber)

* Main measurement device for absolute dose °
calibration (e.g. IAEA TRS398)

* Full raster scanning funcionality used like in
patient plans

» Therefore many aspects that can influence *

the measurement result, e.g. field

homogeneity

+ Scanning the whole field may take some time

Bragg peak chamber \

(plane parallel chamber)

chamber not calibrated to water
absorbed dose, therefore only
relative measurements

no scanning of the beam
Focusing on intensity monitors

much faster for same accuracy of
measurement results

Courtesy B. Ackermann (HIT)
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QA example -
LMU | |iesies Monitor calibration

Independency of Monitoring system at different particle numbers

——
5cm

The ratio Qgjecirometer/ PaItIClE,, Must be
independent from the chosen particle
number

Chosen particle numbers per raster point:
+ 84000 (minimum value for 8e7 p./sec.)
+ 168000

+ 420000

+ 840000

+4200000 (about 2 Gy in Plateau region)

independency particle fluences for C12 430.1
MeV/u, 8e7 particles/sec.

1.10

1.05 4

& Farmer chamber
—— Tolerance

1.00

“tg -

0.95

Q,electrometer/particles,plan

0.90

1E+04

1.E+05 1.E+06 1.E+07

particles/voxel

=>small dependency at lowest particle numbers, but still well within limits
Courtesy B. Ackermann (HIT)
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QA example -
LMU | |iesies Monitor calibration

Independency of Monitoring system at different beam intensities

* The ratio Qgjectrometer/ParticlEy,, Must be
independent of the beam intensity

Measurements with Bragg peak
chamber show some systematic
behaviour

When performing the measurements
with the Farmer chamber and with the
same amount of time, the results look
more random

The systematic differences seen with
the Bragg peak chamber correlate with
the chosen measurement range of the
monitoring system

Independency particle flux

1.04 Range 4
S 103 . Range 3
=
£ 1.01 (I -
: ' S
<100 ]
2 .
[}
5 0.99
g
g 0.98 1 = Braggpeakchamber
T 0.97 A + Farmerchamber
(o4

0.96 T

1.0E+06 1.0E+07 1.0E+08|

Intensity [particles/sec.]

Courtesy B. Ackermann (HIT)

13.07.2020
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Independency of Monitoring system at different beam intensities

* The ratio Qgjectrometer/Particley,, must be
independent of the beam intensity

* Measurements with Bragg peak
chamber show some systematic
behaviour

* When performing the measurements
with the Farmer chamber and with the
same amount of time, the results look
more random

Q.electrometer/particles,plan

» The systematic differences seen with
the bragg peak chamber correlate with

Independency particle flux

= Braggpeakchamber
+ Farmerchamber
4 Braggpeak chamber, after correction

1.0E+06 1.0E+07 1.0E+
Intensity [particles/sec.]

08

the chosen measurement range of the
monitoring system

» With this information the measurement
ranges can be adjusted to each other

« Active beam delivery system
- Different energies in Monitoring system

 Energy specific ratio of particle number
to Chargemonitor

« Particle numbers are determined by
measurements with Farmer or Bragg
peak chamber and use of dE/dx of basic
data depth dose distributions

* a calibration function is then
parameterized by a fit to the data points

* In the same amount of time, 6 times more
measurement points with Bragg peak
chamber

c
&
=
8 100
o
©

3
2

o 50 100 150 200 250 300 350 400

E [MeV/u]

energy dependent monitor calibration for
12 C12
.% 1.0
g w
) é 0.8
g g
S = 06
g E
< S 04
=
< & Farmer chamber (9 measurements in 10 min)
e 02 « Braggpeak chamber (30 measurements in 5 min)
— Fitfunction
0.0 T T T T ]
0 100 200 300 400 500
E [MeV/u]
QA check for energy-dependent monitor
calibration
o 104 —e— Farmerchamber
@ —e— Braggpeak chamber
e 102 — Tolerance

450

13.07.2020
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s QA example -
LMU | s | | Monitor calibration (at GSI)
2.00

Irradiation period

9/1998 11/1998

1.75 4
arftnrrrgomiing?

1.50 =Y

1.25 4

1.00 -

Calibration factors corrected for
air density [particles/monitor unit]

0.75

0 10 20 30 40 50 60 70 80 90 100 110

Fic. 1. Calibration factors. normalized to air density. Time [d]
for six representative energies over the three treatment
periods of 1997 and 1998. The dotted lines denote the

=+3% intervention thresholds. (Note: The numbers on Karger et al.: Quality management of medical physics issues
the time axis are arbitrary and represent the daily test
frequency.) Med. Phys. 27 (4), April 2000

T 2d Homogeneit
I-Mu UNIVERSITAT g y

MONCHEN

Many combinations:

-Energy (and therefore Spotshape)
-Fieldsize

-Lateral stepsize

-Horizontally or verticaly scanning

Courtesy B. Ackermann (HIT)

13.07.2020
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1207 a)Fiim
E e . .
g . Example from GSI pilot project
5 6] . . * Field homogeneity test with
g . . film and IC measurement in air
5" . . at isocenter for a 150 MeV/u
el S carbon ion field of 5 x 5 cm?

o T T field size

e The variation of the film density
is less than + 5%

g
© B0 .
»
o
o
27
=
& 40
20 Karger ef al.: Quality 1t of dical physics issues
. .
ol . Med. Phys. 27 (4), April 2000
T T T T T T T

-40 =30 -20 -10 o 10 20 30 40
pistancs from central axis [l _

25
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wows- 3d Homogeneity
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-Water Phantom PTW Freiburg | 4 5
-MP3 Control Unit Lo I
-24 PinPoint chamber array r i
connected to 2 Multidos

Courtesy B. Ackermann (HIT)

wowic. 3d Homogeneity
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@ Messung ® Planung
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Dose in Centre of SOBP

Commissioning:
Waterphantom +
Farmerchamber

TPS-Plan

QA (currently daily):
PMMA-Block

Dose difference: measured Dose in
PMMA about 0.5% lower than in Water

Courtesy B. Ackermann (HIT)
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Field geometry

Commissioning:
Waterphantom

TPS-Plan

QA PMMA-Block
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ung 1
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Field geometry —
Water phantom
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Field geometry —
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Lo Measurement Test fields
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Three-dimensional target volumes

— Cubics and U-shaped targets
- Different size
- Different depth ]
- Different phantom geometries with @ﬂ
inhomogeneities
(Slab- / Wedge- / Antropomorphical-Phantoms)

— Patient Plans

Courtesy of S. Klemm

. Example of constancy tests
LMU  [5eseis | | per treatment period at GSI

MONCHEN

Constancy of depth dose profiles of test cubic field
(5x5x5 cm3 target volume)
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Dosimetric verification
at@ HIT

U-shaped Targets "2C in water
Carbon field, measured in the center of the target:
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Dase cube: c_ubs_0E1020 % Mean deviation: 1.1%
Standard devialion.  3.6%

Masimum dose: 1.25 Gy / Scaling factor: 1.0

0 [Gyl M Planned dose Phantom: waterB Date: 28 October 2008 03:48 D [Gy]

500 1.500

250 1.250

00 1.000

750 0.750

500 0.500

0 o= | Tolerance: £5%
00 0.000

o1 2 3 4 5 3 7 9 o1 1213 14 18 16 17 1@ 19 20 21 2 23 2 C

wy-plane: F:\WaterphantomExractidose_.ima

Beams kye View

Zoom + (x=0.0mm, y=0.0 mm)

| vepne EWalephartonE et dose vzims |

Depth Dos

Zoom -+ (y=0.0 rm, 2=-170.0 mm]

30-40%

| an-m0% |

50-60%

70-80%

Zoom + (+=0.0 mm, z=-170.0 mm)

I NG, 100> |

61

Dosis [cGy]

Aldersonhead with Waterpha

© Messung B Planung

ntom

1200

100.0

2
8
o

123 456 7 8 91011121314 1516 17 18 19 20 21 22 23 24

vose volume msugram

— 01.08C.
Sele
=
2 80.00
S
40.00
0.00 1.00
= e
Volin MinDose bose
YOI T tem Oozain |
com imey ssdpe %
mcu. ¢ otoa. 2521 om 1002 41
Wcu. ¢ 1A 283 o8 odss0. 082
1 010a. 261042 0 Ooss0. 0S8
M 01GA. 197079 0 002s0.. 141
msin ™ otoa. w:se7a 0 omas0. Am

Messkammer

a0

e

Courtesy B. Ackermann (HIT)

31



13.07.2020

Aldersonhead with Filmstack

LUDWIG-

Dose volume Histogram
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. Patient plan verification
MU & || at@ HIT

Patient plan "H (recalculated in Water)
Proton field, measured in the high dose region:
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Verification of therapy plans prior to first application
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- Relative patient plan
LMU | [Baessiets verification @ GSI with filmis

MONCHEN

Experiment Calculation

I S8

€2 83

wl fima

y [mml

norm, opt, density
@

Caleulation
— Experiment

norm. opt. density

0.00

| n
[} ]
« mm]

, | |
-4 ] -40 [
s [mm) x [mm]

B.SpielBerger e’rial.
Check field size, position and intensity map (not dose !)

Beams-Eye-View

e Points for discussion
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* Time efficiency more important than in conventional
radiotherapy (expensive beam)

* Film measurements (e.g. 2d-Field homogeneity) often
cost lot of time (Irradiation + Evaluation)

* Sometimes its possible to substitute an acceptance test
by a faster test

* Radiographic vs. Radiochromic Films vs. Chamber-
Arrays

¢ Farmerchamber vs. Braggpeak
* Waterphantom at Gantry => solid phantom with IC block

Courtesy B. Ackermann (HIT)
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Towards more efficient QA

Ongoing investigations on alternative detectors for faster measurements
of lateral beam profiles / 2D field homogenity

2D array of 729 plane-parallel ion chambers Amorphous silicon detector,

(absolute dosimetry) of 5 mm x 5 mm x 5 mm

size and 10 mm center-to-center spacing,
low spatial resolution

...pixel silicon detectors and others....

under characterization in ion beams
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Towards quality assurance
with aSi detector at HIT
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Biological dose verification
(for representative cases)

Cell survival in 2-dim phantom
(W.Kraft-Weyrather, A.Mitaroff, C.vNeubeck)
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Biological dose verification
(for representative cases)
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*Biological planning
and optimization for
CHO Cells

¢ Calculation of cell
survival

* Irradiation of stack
with probes of cells

*Time consuming

Kramer et al. Phys Med
Biol. 48: 2063-70, 2003

13.07.2020

35



