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Implementation events

Production Device Acceptance Test (DAT) Beam Data Collection / Beam Modeling Unity Physics Validation Clinical Handover
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Summary

1. Beam Data Collection
Beam Modeling

2. Physics Training
- Physics Onsite Testing
- Physics Validation

3. Absolute Dosimetry
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Beam Modeling
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Beam Data Collection e
Data Collecti'on Unity A:::i::tiom Un'rtyc" ::\lsics Physics Validation
- Beam Modeling®D/zsb DiEIE T .
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{> Scanninng data:

- Gantry O
- Gantry 270

< Non-Scanning data:
- Output factors (10cm depth)
MicroDiamond & SemiFlex 3D Z={£F3
- Cryostat Transmission
Cryostat Transmission Tool Kit Z{#F
Farmer Chamber THIE

- SBITERART: 7EIRS (OElekta
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Beam Data Collection

Beam Data Collection tools

MR compatible Detector
« Semi flex 3D
« Microdiamond Detector

3D Water Phantom

o
Other Dosimetric tools Accessories
 Cryostat characterization tool . Long extension cable
(CCT) - Calibrated MR spirit level
| * Buildup cap for CCT « Plastic ruler o
7 | Focus where it matters e Farmer Chamber R PenCi/ O E|ekt0
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Data to be acquired
- Gantry 0 degree, SSD 133.5cm

- 2X2 cm
- 3Xx3 cm
- 5x5 cm
- 10x10 cm
- 15x15 cm
- 22X22 cm
- 40x22 cm
- 57%x22 cm

- PDD depth
- 0~13.0 cm

- Profiles depth

- 1.3 cm
- 5.0cm
- 10.0 cm

EBeams

LR TN NI ——"
A A ? |.Delete Parent Beams

Beam  Descripkion FieldID  visible ﬁ Energy MU jFx  53D{cm) o Isocenker Locakion
1 |A0z0z 0zx0z2 7.0 FFF -~ | 100.00 133.50 | Setup Reference Point ~
2| AD303 0303 O 7.0 FFF = | 100.00 133.50 | Setup Reference Point -
3 |ADS0S 0505 O 7.0 FFF - | 100,00 133,50 | Setup Reference Point ~
4A1010 10x10 [0 |7.0FFF -~ | 100.00 133.50 | Setup Reference Point ~
5/A1515 15x15 O 7.0 FFF - 100,00 133,50 | Setup Reference Point -
& |AZ222 22x22 O 7.0 FFF - | 100,00 133,50 | Setup Reference Point -
7 A40zz 40x2z2 [0 [7.0FFF -~ | 100.00 133,50 | Setup Reference Point «
g ASTFzE STxzz [0 |7.0FFF -~ | 100.00 133.50 | Setup Reference Point ~

© 2019 Elekta all rights reserved. Confidential and proprietary information.
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Beams Used In Modeling

- Gantry 270 degree, SSD 113.1cm

- 2X2 cm
- 3X3 cm
- 5x5 cm
- 10x10 cm
- 16x16 cm

- PDD depth
- 0~35cm

- Profiles at

- 1.3 cm

- 5.0 cm

- 10.0 cm

- 20.0 cm

- 30.0 or 30.4 cm

Beam  Description FieldID  visble & Energy MU jFx S5D{cm) 47 Isocenter Locatio
1 |BO202 BO202 7.0 FFF = | 100,00 113,10 | Setup Reference Paint
2 |BO303 BO303 O 7.0FFF = | 100,00 113,10 | Setup Ref Paint
3 |BOSO0S BOSOS O 7.0FFF = | 100,00 113,10 | Setup Ref Paint
4|B1010 [BlO10 O Setup Reference Point
11111111111 O Setup Reference Poink

© 2019 Elekta all rights reserved. Confidential and proprietary information.
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Cryostat Transmission Tool Kit

- HEs 7 (R
- CouchZzBEEtEFN(C S &DTR0N
- BridgeZz —BFMI(CH+ 9

(Elekta
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Cryostat Transmission
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« PER ML —Z=>H
« Beam model

-
Field

Type M adality (e D[l;ﬁ:? i
35 Phaotons | 1.0x1.0 )
W &+ Crosspl Prafile Phatons 1010 50.00
l A+ Crozzpl Profile Photonz 1.0x7.0 10000 | =
| | A+ Crosspl Profile Photors 20x20 1200
l A+ Crozzpl Profile Photone 20x 20 5000
|| &+ Crosspl Profile Photons 2020 100,00
W &+ Crosspl Prafile Phatons 20x30 1200
B &+ Crosspl Profile Photors 20230 60,00
W &+ Crosspl Profile Phatons 20x30 100,00
B &+ Crosspl Profile Photors 50x50  12.00
W &+ Crosspl Prafile Phatons  50x50 50,00
:| A+ Crozzpl Profile Photone 5.0x 5.0 100,00
B &+ Crosspl Profile Photors 1000100 12.00
:| A+ Crozzpl Profile Photone: 10,0700 50,00
| | &+ Crosspl Profile Photons 10001000 100,00
l A+ Crozspl Profile. Photone 15.0x150 1300
Bl &+ Crosspl Profile Photors 150150 60,00
W &+ Crosspl Prafile Phatorns  15.0x 150 100,00
|| &+ Crosspl Profile. Photors 2000200 12.00
| | A+ Crosspl Prafile Phatorns 200200 50,00
l A+ Crozspl Profile Photone 20,0 %2000 100,00
|| A+ Crosspl Prafile Phatorns 220220 1200 -

£ [
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Beam Modeling

D¥Rz

Data Collection
Beam modelling
done by Elekta
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Physics Training
- Physics Validation
- Physics Onsite Testing




Unity Physics

Topics to be Covered

Day 1 - Unity Day 2 - Unity
Hardware and QA Beam Limiting
Introduction Devices

Day 6 - Monaco
Concepts and

Algorithms

14 | Focus where it matters

Data Collection
Beam modelling
done by Elekta
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Unity Applications
Course

5d (x2) **

Day 3 - Unity
Cryostat, Couch
and Caoil

Day 7 - Physics Day 8 - Model
Validation Testing

G

L4
C_J4
7710
Unity Physics Physics Validation
Course
5d** 5d

Day 9 - Clinical Day 10 - End to
Case QA End QA
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Unity Physics Validation and Onsite Testing

r Unity Physics Onsite _ _ -
Testing J Unity Physics Validation

-
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Unity Physics Onsite Testing

10HfEIDPhysics Tralnlng_CﬁDﬁ/zch% 20D & T, Commissioning
TIThNANZIE M T =LNDE EENT D

» Commissioning ZH7/Rh— 9 378

« Unity QA J\T A —Y> Rz 9 27128

- Commissioning KFDEIREZ IR 1% CIRYONNCAER T DI2sD
« Go-Live Z{BiET BDzsD
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Unity Physics Onsite Testing
UTDOEEB=HEZIRE—FE(ICITD

Unity Physics Onsite Testing

Mechanical System Performance Dosimetric System Performance TPS Beam Model Testing
e Safety ¢ MU Linearity e Simple Field Testing
¢ MR Helium Fill Level ¢  Beam Profile Flatness ¢ CTto ED Testing
*  Gantry Position ¢  Beam Profile Symmetry ¢ Patient Orientation Testing
¢  MVI Image Quality ¢  Beam Quality ¢ Heterogeneous Field
¢ MLC Positional Accuracy e  Qutput vs Gantry Angle Testing

¢  Clinical Case Delivery

¢ Treatment Couch Accuracy ¢ MLC Transmission
Performance

e MYV Isocenter Size

» MR to MV Isocenter
Coincidence

¢  End-to-End Testing

17 | Focus where it matters O E|ektCI



Unity Physics Validation

AR

o FREIEIR
- Monaco Beam Model ®F+vUJL—>3>
- Treatment delivery OA&:E
- QA plan delivery O#&R5IE

« ERIITL U5 (CKD TUnity Physics Validation Checklistdxtt 9 5
O a2 IR, S AT LANBEFNICSISTEESNDHIC. BELR
([CKDTHEREND
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Unity Physics Validation
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Import GPUMCD
Model

Treatment Unit
Creation

Verify beam model
calibration

Verify the adaptive
workflow

Verify the QA
workflow

Complete Unity
Physics Validation
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Absolute Dosimetry




Formalism
Adaptation Strategies

WEDOLRINE. Widm(C KDEREFEDRZE Z a0 U CLVR0)

Original Formalism DQ M - NDCO ko

w

Adapted Formalism DY = 6060 kQH

HIEREkZER U C. B K DEBREOXEZZR I DUENDD
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Published values of k;
Adaptation Strategies

kDR ENTE3DDHE ZHBN

#1 O'Brien, D J et al. “Reference dosimetry in magnetic fields: formalism and ionization
chamber correction factors.” Medical physics vol. 43,8 (2016): 4915.
doi:10.1118/1.4959785

# Van Asselen, Bram, et al. "A formalism for reference dosimetry in photon beams in the
presence of a magnetic field." Physics in Medicine & Biology 63.12 (2018): 125008.

#3 Malkov, Victor N, and D W O Rogers. “Monte Carlo study of ionization chamber
magnetic field correction factors as a function of angle and beam quality.” Medical
physics vol. 45,2 (2018): 908-925. doi:10.1002/mp.12716
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Published values of kj
Adaptation Strategies

# 1 TasLe III. lonization chamber magnetic field correction factors and their
statistical uncertainties (rounded to the nearest 0.05%) for three orientations:
parallel {kg”““}; clockwise perpendicular (k g:“}; and counter-clockwise

perpendicular (k g"""r}.

Uncertainty
QTI'IH-F QLTL‘-I QTI'LHT
Detector RBH kﬂﬂ k B. (%)
PTW 30013 0.994 0.961 0.976 0.15
PTW 30012% 0.992 0.958 0.970 0.25
PTW 30011¢ 1.000 0.958 0.968 0.25
PTW 30010* 0.996 0.961 0.975 0.25
NE2571% 1.003 0.962 0.973 0.20
NE2571 1.001 0.962 0.973 0.15
Exradin A19 1.005 0.962 0.956 0.25

*Chambers modeled with a 1 mm thick layer of PMMA representing a water-proof
sleeve.

O'Brien, D J et al. “Reference dosimetry in magnetic fields: formalism and ionization chamber correction factors.” Medical physics vol. 43,8 (2016): 4915. doi:10.1118/1.4959785
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Published values of k;
Adaptation Strategies

Table2. Theks, and kg g of the UMC Utrecht data compared with the reported data in the literature based on measurements (M) and
# 2 Monte Carlo (MC) calculations for two ionization chamber models. Uncertainties are shown between brackets as the least significant digit
of the reported value. All uncertainties are of Type A, i.e. based on statistical methods only, except for de Prez et al, which includes Type B
errors as well.
Chamber type Reference TPRa0,10 ke, .0 Kg,.q
PTW 30013 UMC Utrecht M 0.701 0.963(2) 0.992(2)
de Prez et al (2016b) M 0.702 0.961(7)
O’Brien et al (2016) MC 0.695 0.976(1) 0.994(1)
0.961(1)*
Malkov et al (2017a) MC 0.695 0.988(1)
Spindeldreier et al (2017) MC 0.674 0.954(3) 0.993(3)
959(3)?
IBA FC65-G UMC Utrecht M 0.701 0.952(2) 0.997(3)
de Prez et al (2016b) M 0.702 0.951(7)
Malkov et al (2017a) MC 0.695 0.992(1)
* Result obtained with chamber in the perpendicular orientation as shown in figure 2, but with the magnetic field in the opposite
direction.

Van Asselen, Bram, et al. "A formalism for reference dosimetry in photon beams in the presence of a magnetic field." Physics in Medicine & Biology 63.12 (2018): 125008.
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Published values of kj

Adaptation Strategies

#3 TasLE V. The ||, orientation kg values of O’Brien et al. and this work, and
Akp the percent difference between those values. The NE2571 is simulated
with a waterproof sleeve

O’ Brien et al.”” kg This work kg Akg (%)
PTW 30013 (0.994(2) 0.9881(6) 0.6 & 0.2
PTW 30012 0.992(3) 0.9870(6) 0.5 £ 0.3
PTW 30011 1.000(3) (0.9920(6) 0.8 £ 0.3
PTW 30010 (0.996(3) 0.9871(6) 09 £ 0.3
NE2571" 1.001(2) 0.9888(7) 1.2 &= 0.2
Exradin A19 1.005(3) 1.0007(8) 04 + 0.3
25 | Focus where it matters Malkov, Victor N, and D W O Rogers. “Monte Carlo study of ionization chamber magnetic field correction factors

as a function of angle and beam quality.” Medical physics vol. 45,2 (2018): 908-925. doi:10.1002/mp.12716
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Reference Conditions ;
Gantry Angle H

Annulus
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Reference Conditions
Calibration Depth

« UnitydD#RE2R(3425MU/min U
- RIEFE(IEELRZEEEIE |
¢ —HEBRF T UT L —S 3 S EMHE1cGy/MU e

- Isocenter @ depth d,.., (1.3 cm)
- Isocenter @ depth 5 cm (recommendation)
- Isocenter @ depth 10 cm

T UTL -3 EZENZEWNIE, BONELKRDROIDSIFERICIADET
- KDbEu\gun duty cycle (~99% for depth 10 cm). CNUINIT R RO (CERINMIMND., HFanzxiasH BN d D

- Monaco TDOITS>— //JGDW MU/segDe/M\ilflZiEmz 9 7zsb(C. IMRT S TER T DT A MRS U,
TS5 DmBZFIRITDIHZENHDD
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Absolute Dosimetry — C1R51EIR
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Summary

1. Beam Data Collection
Beam Modeling

2. Physics Training
- Physics Onsite Testing
- Physics Validation

3. Absolute Dosimetry
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1. Beam Data Collection

O HEXESSDEMZER UK I H(TL o4 or CHEiE)
(] CHesStkDEM ZER I D55, AIECHISWVWERITERIH,
2. Physics Training
O ERREmsiieanEzan
O AEXESSDEMZEER UEXIHN(TL o4 or CHEE)
3. Absolute Dosimetry
(] kgDIRTE
O FvUJL—>23a>ziad2h>hNJ—AaE
O Fv I L —23>ZTDES
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