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Outlines

U Introduction

U Overview of the concept

U Documents and Guidelines

U Evolution of Radiotherapy equipment and of the QA programs.

U Doubts and questions

Today, | will not provide met hod:c
You can find multiple way for QA
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Basic Differences in Modern RT Delivery

3D-Conformal Radiation Therapy Intensity Modulated Radiation Therapy (IMRT)
(3D-CRT) Volumetric Modulated Radiation Therapy (VMAT)
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Fluence Map
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Define Clinical Objectives and Needs for Future

o J .

3DCRT 3DCRT 3DERT i4DRTO 4ADRT
Static Target Dynamic Target Dynamic Target Dynamic Target Dynamic Target
NO Motion evaluation 4DCT Motion Evaluation (ITV) 4DCT Motion Limitation 4DRT Technologies
Phases beamon 20-60% Internal Marker Tracking
Abdominal Compressor Dynamic MLC
MIP 4DCT Reconstruction Robotic Couch
Deformation analysis Organs Motion Compensation
Dose accumulation Daily Adaptive RT
DIBH
Syr:::;?irs‘leag\: g Deformable Registration
U  Reduce margins? Dose Accumulation

U Improve delivery efficacy and efficiency?
u  Follow time and space evolutions?
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New Concept for Technology and Treatment

Outside Point Of View , Inside Point Of View
eed to synchronize the beam
s 'N s ' If you lost the

synchronization, than you
will not treat any tumours

What 6s happe
With Tracking

You donét see anyth

.. you believe than you treat the
tumours

@® Tracking
) R
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Setting Up a
Radiotherapy Programme:

Clinical, Medical Physics,
Radiation Protection and Safety Aspects

IAEA

International Atomic Energy Agency

Setup QA Programs and DO IT!!

Do It and
Review

Create
Quality
Assurance
Programs

Commissioning

Create
Baseline
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Have a look (Study!) of the Guideline é

IAEA TRS-398

Safety Reports Series

External Beam Radiotherapy:
An International Code of Practice for Dosimetry
based on Standards of Absorbed Dose to Water

high energy high energy

x-rays { electrons
WATER /

cn-w CALORIMETRY >"—ﬁ7>/mm"s

y-ravs g
10NOMETRY
CHEMICAL
DOSIMETRY

Ve GRAPHITE
medium energy CALORIMETRY
x-rays low energy
X-Tays

Pedro Andreo, Dosimetry and Medical Radiation Physics Section, IAEA

David T Bums, Bureau Intemational des Poids et Measures (BIPM)

Klus Hohlfeld, Physikalisch-Technische Bundesanstak (PTB), Bramschweig, Germany

M Saiful Hug, Thomas Jefferson University, Philadelphia, USA

Tatsuaki Kanai, National Institute of Radiological Sciences (NIRS), Chiba, Japan

Fedele Laitano, Ente per le Nuove Tecnologie L°Energia ¢ L’Ambiente (ENEA), Rome, Italy
Vere Smyth, National Radiation Laboratory (NRL), Christchurch, New Zealand

Stefaan Vynckier, Catholic University of Louvain (UCL), Brussels, Belgium

PUBLISHED BY THE IAEA ON BEHALF OF IAEA, WHO, PAHO, AND ESTRO

Bl

=

INTERNATIONAL ATOMIC ENERGY AGENCY l A E A
IPEM

Adjust based on your Requirementsé Youd o nnéetd to finvento !
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Therapy: Equi pmentINAC Evol

LINAC

Disponibilita commerciale

1955 1968 1988 1992 1995 1996 2001 2003 2005 2008
1 I 1 | | | | | 1 1 I,
| I | I | 1 | ) 1 1 | |
CO sl Clinac EPID 3D -CRT MLC Serlal ""‘ IMRT CT CBCT RapldArc
4 MV TomoTherapy s IMAT Guided VMAT
(1T IMRT commercial uh‘ IG-IMRT
%
\
\
%
Helical v 2003 2005 2007 2008
TomoTherapy % | 1 | —
2003 . 1
e Adaptive o0 0Direct
IMAGING ” Planning
S DGRT
1972 1983 1992 1995 ’J" 2002 Dose Verification
[versioni commercializzate) | | | | I | .
I 1 1 1 1 »
Halical PETI/CT uso
CT MRl Helical CT pylti slice CT comune
In RT

NEXT GENERATIO&
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U LINAC MRI
U LINAC PET
U PROTON AND CARBON THERAPY
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In Example é
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Breast1 Supraclavear Breast and
Bilateral Breasti Internal Mammary

Absolute
5500,0 chy
210)

V2

Beam’s Eye View DRR for "1T-G

Wedge thick end iz at jaw: "¥
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rPatient Images

-Patient Images

Prostate and Abdominal Lesions
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Head and Neck

i[ Wednesday, May 13, 2009 ][ 14:24:35

(WO E 2:2¢pm
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Brain and Radiosurgery
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Cranio Spinal Irradiation and
Total Body Irradiation (TBI)
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Total Skin Electron &
Skin Irradiation

Skin Electron Irradiation (SEI)

Total Skin Electron Irradiation (TSEI)
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Technology Evolution and Requirements

1980 2013
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Modena Radiation Oncology - Roadmap

180 cm — Tomotherapy - 4DCT

2O©E3

VMAT with FFF i DIBH & 4DRT

2OILZT

Lesion 3D-CRT

10cm — IMRT
Head & Body
m% Stereotactic
VMAT
Radiosurgery !
v o 208
Radiation + Nanotechnology & Genomic
Proton

! |
mm Easy Treatment Complex
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Example: Guideline for Implementation

EUROPEAN SOCIETY FOR THERAPEUTIC RADIOLOGY AND ONCOLOGY IAEA TRS-398

ESTRO

ESTRO Booklet 4 Absorbed Dose Determination in

External Beam Radiotherapy:
An International Code of Practice for Dosimetry
based on Standards of Absorbed Dose to Water

PRACTICAL GUIDELINES FOR THE

IMPLEMENTATION OF A QUALITY G
SYSTEM IN RADIOTHERAPY - ‘( >
A project of the ESTRO Quality Assurance Committee sponsored by mm_,,;—‘-?' o ,./mm =
'Europe against Cancer’ s CALORIMETRY

X-rays low energy

Writing party: J W H Leer, A L McKenzie, P Scalliet, D | Thwaites

Pedro Andreo, Dosimetry and Medical Radiation Physics Section, IAEA
David T Bums, Bureau Intemational des Poids et Measures (BIPM)

QA for helical tomotherapy: Report of the AAPM Task Group 1489 e

PUBLISHED BY THE IAEA ON BEHALF OF IAEA, WHO, PAHO, AND ESTRO

Task Group 142 report: Quality assurance of medical accelerators®

INTERNATIONAL ATOMIC ENERGY AGENCY l A E A

Quality assurance for image-guided radiation therapy utilizing CT-based
technologies: A report of the AAPM TG-179
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A LINAC QA A 4D Therapy
A Geo_metry and mechanical A Breath synch
A Dosimetric A Beam on/off and delivery (DIBH)
A MLC N A Ramp-up of the beam-on
ﬁ Safety and collision A Gantry rotation speed
Imaging A Constant
2 EPID{] CBCT A Variable
Couc A Doserate
A Radiosurgery A Constant
A Positioning (frame vs. frameless) A Variable
A Accuracy A Di
. _ A, iscrete
A Rotational of gantry and collimator « A Complete procedure after interruption
A'SBRT &q? A 3DCRT
A Positioning (frame vs. frameless) A IMRT
A Accuracy A, ,\E? A dMLCor Sliding Windows
A Rotational of gantry and collimator é’ NS A VMAT
A IMR;\ ; . g s ﬁ Radiosurgery
enumbra (S) SBRT
A Inter/interlegfs . Q{O A l1socenter junction
A MLC Interdigitation g A Junction of the beam and divergence
A VMAT o (o A Non-Homogeneity condition
ﬁ ML(]E Interdldgltatlon 8 A Cerrobend Block?
Leafs spee N
N p & A Tray _ _
| oserate S A Reaktime monitor systems
A Different Therapy A Log files analysis
A Low Doserate/Loyv MU A Unpredictable cases (near missing or errors)
A Low DosedoseHigh MU A Connectivity with 10S
A High Doserate/Low MU Agéé.

A High doserate /High MU

3/29/2019 G. Guidi - http://medicalphysicsresearch.weebly.com/ 25



---------
.........

The Abdus Salam PP-4-4-fis
n zs2sessss SERVIZIO SANITARIO REGIONALE
(CTP) |ntemational Centre 232322020 EMILIA-ROMAGNA
for Theoretical Physics 11100 Azienda Ospedaliero - Universitaria di Modena

Policlinico

Image Guidance?
Not immediatelyé but is a must today

You must now!!

Introduction of
Image Guided Radiotherapy
into Clinical Practice

IAEA HUMAN HEALTH REPORTS No. 16
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Task Group 142 report: Quality assurance of medical accelerators®

II. QUALITY ASSURANCE OF MEDICAL
ACCELARATORS. ...... ...,
ILA. General........... ... ...
IL.B. Test frequencies. .......................
I.C. Guidelines for tolerance values. ...........

IL.C.1. Acceptance testing procedure standards... 4204
I.C.2. Commissioning baseline values. ........
I1.C.3. Tolerances and action levels............
I1.C.4. Uncertainties, repeatability, and precision. 4205
ILD. Ancillary treatment devices not in TG-40.... 4206
[L.D.1. Asymmetric jaws. ..........cc..ovuenn.
I1.D.2. Dynamic/virtual/universal wedge. .. ... ..
D3 MLC.....o
D4 TBUTSET.......cooii
I1.D.5. Radiographic imaging. ................
[1.D.6. Respiratory gating. ...................

[II. SUMMARY OF RECOMMENDATIONS/

IMPLEMENTATION SCHEME. .. ............
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CQ-ACICELERATORI LINEARI LINAC

1. CONTROLLI GIORNALIERL ... mee e e er e ceemeeme s ee s e mme e e s
1.1. DOSIMETRICI ..
1.1.1. Controllo delloutput per fotonl ed elettroni
1.2. MECCANICI..

1.2.1. LOCE!lIHaZIOﬂE! del Iaser ed |nd|cat0re dl dlstanza (T elemetro}
1.2.2.  Indicatore dimensioni collimatore ..

1.3. SICUREZZA...

1.3.1. Verifica del funzmna mento delle sicurezze elettrlche e meocanlche
1.3.2.  Interlock interruzione erogazione per lI'apertura della porta del bunke
1.3.3.  Sicurezza sulla chiusura della porta..
1.3.4.  Sistemi audiovisivi .....c..ecceeereenne
1.3.4.1. Interfond...

1.3.4.2.  Monitor ...
1.3.5. Verifica dei dispositlw i avvertimento
1.3.5.1.  Acustici..
1.3.5.2. Lum|n05| -
1.3.6.  Dispositivi di verlﬁca specifici: SIEMENS PRIMUS
1.3.6.1.  Spia verde di RESET che segnala il vuoto...
1.3.6.2.  Spie gialle del modulatore ..
1.3.6.3.  Spie verdi di aI|mentaZ|one
1.3.6.4. Livello dell'acqua............
1.3.6.5.  Pressione dell'acqua.
1.3.6.6. Temperatura.....
1.3.6.7.  Pressione del gas.........

1.3.6.8.  Spia verde che indica Ia purezza del ﬁItro
1.3.6.9.  Spie verdi di camera monitor e vacuum power
1.3.6.10. Spia verde del filamento...
1.3.6.11. Spie rosse dell elettromagnete e del magnete dl deﬂessmne.

1.4. IMAGING.. -

1.4.1. P05|2|0nament0 e nposu:lonamento

2. CONTROLLI SETTIMANALI..
2.1. DOSIMETRICI ..
2.1.1. Controllo delloutput per gll elettronl
2.2. MLC...

2.2.1. Plcket Fenoe test .

3. CONTROLLI MENSILI ......cccomimniimssmsamsnmsinsissssssnssnnssssnssmssmsamsanssnsssssnsenassssnssnssanans L0
3.1.1. Controllo delloutput per i fotonl
3.1.2.  Controllo dell'output per gli elettronl
3.1.3. Costanza del Dose Rate.....
3.1.4. Costanza del profilo dei fotoni...
3.1.5. Costanza del profilo degli elettroni............
3.1.6. Costanza dell'energia dei fotoni e degli elettroni .. .
3.1.7.  Filtri dinamici Controllo Wedge factor.....ueurrmeeiessssisssssssssnsrsssssenssnsessssssasees

LDobwobmmwmmmmwowNNNNUNNWNNNNNNNY

3.2. MECCANICI .. [ SETRSTRU & |
3.2.1. Centratura croce d| campo (p05|2|one deII |socentro meccanlco} wermeeanennes 13
3.2.1.1.  Distanza Laser/telemetro/check pointer...
3.2.1.2.  Indicatore angoli COlIMATONE .....cieiierererrsereerssr s es e e ssrmr s assmsessnassmnes
3.2.1.3.  Indicatori posizione del lettino ..
3.2.2. Coincidenza Luce/Campo radlante .
3.2.3. Indicatori posizione collimatori e venﬁca commdenza Iuoe,fraggl (a5|mmetr|c0 16

3.3. MLC.......... 19
3.3.1. 19
3.3.2.  Sefting dei oolllmaton,flamelle { da effettuare solo su acoeleraton ELEKTA) 19

3.3.3.  Picket fence test (0°, 90°, 180°, 2?0“)
3.4. IMAGING.. .
3.4.1. Rlsoluzmne spaZ|aIe oontrasto rumore e scallng
4. SEMESTRALI..
4.1. DOSIMI:TRICI
4.1.1.  Accessori TBI (dlodl)
5. ANNUALL.
5.1. Premesse suII uuhzzo deIIa strumentazn::ne
5.2.  Misure Relative...
5.3.  Misure assolute ..
5.4. Equilibrio delle camere dl ionizzazione..
5.5. DOSIMETRICI ..
5.5.1.  Dimensione del campo ﬂatness e S|mmetr|a per i fotom
5.5.2. Flatness e simmetria per gli elettroni.. .
5.5.3. Calibrazione output fotoni ed elettroni (IhEA TRS 398)
5.5.4.  Output factors fotoni con e senza filtro..
5.5.5.  Output factors elettroni ..
5.5.6.  Qualita del fascio fotoni (PDDm o TPlen)
5.5.7. Qualita del fascio di elettroni (Rsa &/0 Rsp)...
5.5.8.  Linearita Monitor Units fotoni...............
5.5.9.  Linearita MONItor UNitS EIRLIONI .o.vewersrenrsssasssrenessesnssssesssesnssnsesesnssnsenssnsanses
5.5.10. Costanza output fOtoni VS. Q0S8 MALE ....eieeeee e e e s sr e e neenes
5.5.11. Costanza output elettroni vs. Dose rate ......
5.5.12. Controllo angolo dei filtri universali (Elekta) .....oooverieeeieeeeeeseeese e
5.5.13. Costanza output fotoni vs. BNGOI0 GANTIY ....eccceeeeereereereesese s e eesneenes
5.5.14. Costanza output elettroni vs. angolo Gantry..........
5.5.15. Costanza output fotoni ed elettroni off axis vs. Gantry .
5.5.16. (Costanza TPR*%g in condizioni TBI
5.5.17. Calibrazione output TBI....cccceueruenn
5.6. MECCANICI.. e
5.6.1. Rotazione |socentr|ca colllmatore
5.6.2. Rotazione isocentrica Gantry
5.6.3. Rotazione isocentrica lettino ...
5.6.4.  SA0 EHN0. e eisereessesrsnssssessns s srs s sne s e nmn e annmnn
5.7. MLC..
5.7.1. Trasmmlone MLC |ntra e |nter Iamelle
6. Tabelle Riassuntive dei limiti di accettabilita...........cccccnvnsiininnsninniinnnns
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Machine-type tolerance

Procedure Non-IMRT IMRT SRS/SBRT

Dosimetry

X-ray output constancy

Electron output constancy 2%

Backup monitor chamber constancy

Typical dose rate® output constancy NA 2% (@ IMRT dose rate) 2% (@ stereo dose rate, MU)

Photon beam profile constancy 1%

Electron beam profile constancy 1%

Electron beam energy constancy 2%/2 mm

Mechanical Defi n e

Light/radiation field coincidence” 2 mm or 1% on a side

Light/radiation field coincidence” (asymmetric) I mm or 1% on a side T I

Distance check device for lasers compared with Imm O erances
front pointer

Gantry/collimator angle indicators 1.0°
(@ cardinal angles) (digital only)

Accessory trays (i.e., port film graticle tray) 2 mm

Jaw position indicators (symmetric)® 2 mm

Jaw position indicators (asymmetric)? I mm

Cross-hair centering (walkout) I mm

Treatment couch position indicators® 2 mm/1° 2 mm/1° 1 mm/0.5°

Wedge placement accuracy 2 mm

Compensator placement accuracyr I mm

Latching of wedges, blocking tray® Functional

Localizing lasers *+2 mm =1 mm =<*1 mm

Safety

Laser guard-interlock test

Respiratory gating

Beam output constancy

Phase, amplitude beam control
In-room respiratory monitoring system
Gating interlock

Functional

20 OR A

Functional
Functional PA
Funftional

W ?
sEN € GIE® * R
R
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TABLE I, Amnnual.
Machine-type tolemnce
Procedure Non-IMRT IMRT SRS/SEBRT
IDosimetry
M-ray flatness change from baseline 1%
M-ray symmetry change from baseline =1%
HElectron flatness change from baseline 1%
Hectron symmetry change from baseline =1%
SRS arc rotation mode A MA Monitor units set vs deliverad:
(range: 0.5-10 MUfdeg) 1.0 MU or 2% (whichever is greater)
SGantry arc set vs delivered:
1.0¢ or 2% (whichever is greater)
H-rawlelectron output calibration  (TG-51) = 1% (absolate)
Spot check of field size dependent 2% for field size <424 cm®, 1% =44 cm®
output factors for x ray
(bwo or more FSs)
Outpat factors for electron applicators = 2% from baseline
(spot check of one applicator/energy)
M-ray beam guality (PDMg or TMERID = 1% from baseline
Electron beam quality (M) *=1 mm
Physical wedge transmission =2%
factor constamcy
M-ray monitor unit lnearity +2% =5 MU =5 (2—4 MU), =2% =5 MU =5% (2—4 MU},

(output constancy)
HElectron monitor anit linearity
(output constancy)
M-ray output constancy vs dose rate
M-ray outpul constancy vs ganiry angle
HElectron outpul cOnstancy vs
ganiry angle
HElectron and x-ray off-axis factor
constancy vs| gantry angle
Arc mode (expected MU, degrees)
TBUITSET mode
PO or TME and OAF constancy
TBLITSET output calibration
TBUTSET accessories

Mechanical

Collimator rotation isocenter
Gantry rotation isocenter
Couch rotation isocenter
Electron applicator interlocks
Coincidence of radiation and

*+29% =5 MU

=2% from baseline
= 1'% from bkaseline
= 1'% from bkaseline

= 1'% from bkaseline

= 1'% from bkaseline
Functional
1% (TBI) or 1 mm PIXD shift (TSET) from baseline
2% from baseline
2% from baseline

mm from baseline

mm from baseline

It 1+ 1t

mm from baseline
Functional

=2 mm from *+=2 mm from baseline

Define
Frequencies &
Parameters

2% =5 MU

=1 mm from baseline

meachanical isocenter baseline
Table top sag 2 mm from baseline
Table angle 1= r
Table travel maximum range +=2 mm

movement in al irections - e\'ro
Swmolacﬁ:‘acccs“s:ﬁcs.ulocltuuts. etc. MA MNA Functional p“ ‘t bab-‘\\w o

xer, S
Safety e bette the P¥ ne
e X 3

Follow manufacturer’s test procedures Functional Co“‘-d Y ‘“Creas d ‘“c“ea 1= "‘b“at‘o“
Respiratory gating bv‘o“s t co“ -‘
- _ o rop

SAM energy COnstancy _ 2% ecte f "“app
Temporal accuracy of phasefamplitude 100 ms of expacted det b \ w 0
C:Ijt;a?"‘mn of surmogate for respiratory 100 ms of expected p Ob

phasefamplitude
Interlock testing Functional
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Application-type tolerance

Procedure non-SRE/SBRT SRSSEBRT

Daily®

Planar kV and MV (EPIIV imaging

Collision imterlocks Functional Functional

Positioning/repositioning =2 mm =1 mm
Imaging and treatment coordinate coincidence =2 mm =1 mm

(single ganiry angle)
Cone-beam CT (KW and MV)
Collision interdocks Functional Functional
Imaging and treatment coordinate coincidence =1 mm
Positioning/repositioning =1 mm

Monthly

Planar MV imaging (EPIIN
Imaging and treatment coordinate coincidence =2 mm =1 mm .

(four cardinal angles} I m a I n A
Scalingb =2 mm =2 mm
Spatial resolution Baselineg™ Baseline
Contrast Baselina Baseline
Uniformity and noise Baseline Baseline
Planar k¥ imaging®
Imaging and treatment coordinate coincidence =2 mm =1 mm

(four cardinal angles)
Hcaling =2 mm =1 mm
Spatial rezolution Baselina Basaling
Contrast Baseline Baseline
Uniformity and noise Baseline Baseline
Cone-beam CT (KW and MV)
Ceometric distortion =2 mm =1 mm
Spatial resolution Basaline Basaling
Contrast Baseline Baseline
HU constancy Baselina Basaling
Uniformity and noise Baseline Baseline

Anmuoal (A)

Planar MV imaging (EPILIY -‘“ o‘
Full range Dfel.la\-el SDD +5 mm *+5 mm - ‘mag ose
Imaging dose Baseline Baseline - g da “rp -
Planar kV imaging we ate | “‘-_s ‘,pose, AQ
Beam quality/energy Baseline Baseline e pat‘e . RT pu f mv Q -
Imaging dose Baselina Basaling h dap“\ve “CY 0

Cone-beam CT (kY and MY) a“ “e best

Imaging dose Baseline Baseling \S
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Example: QA for Treatment Machine
using Flat Panel
C %

a + #
; I'._ E_.IF:IIEI I' l'.l location of comparison f
i [} \ EPID:
\ - portal dosimalry
Lo -0
I I patent or
f 1 patiant or phantom
| [ . - doss reconstrection
\ | | i | =240 or 30
ll' ': -II ! \
EPID ERID
nan-iransmission non-transmission transmission
: pre-ireatmant during treatrment pra- & during traatmant
Table 2
List of key references on non-transmission based dose verification methods
Verification procedure Type of verification Key references Objective of verification or subject of the
study
QA of treatment machine QA Prisciandaro [93] Radiation-light field congruence
QA Dirkx [52,53], Budgell [80,87] Linac output, beam profile flatness and
symmetry
QA Baker [B84], Yang [95], Samant [96],  MLC leaf position for step-and-shoot fields
Parent [97]
QA Vieira [86] MLC leaf position and absolute output for
low MU segmented fields
QA Vieira [98], Partridge [99], MLC leal position aunng amic
Chang [88] treatment
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During Commissioning:

The NCS report nas Deen downiaanea on 29 Mar 2017

You need to verify the
tolerance and define the future baseline

IRepilogo misure eseguite con 2DAvray i Solido (RW3) & Octaskus 5‘;:‘ sd;:d
% Dose peascri,
" " (6)
Code of Practice for the Quality Assurance and Control :
Y S | Teaica Fakocco] Pano | T 8C0/0RbY \\\\\\\\\\\
for Volumetric Modulated Arc Therapy m T ol \
TGHO_ | MONAGO. | IPRT | Octanus i "
TGLIOHN.__| MONACD | IPRT_| Octas | 2
TGLIOHN | MONACD | IMRT | Octas | 1 S |
TGO MONACD | MR, Octas "
TGUOHN | MONACO | IMRT | Octavus I g
8 TGUGHN | MONACD | IMRT . Octaviue 1 E
TGN | MONACD | IVRT | Ockas | 17
MOVACD | IPRT | Octanss ]

NEDERLANDSE COMMISSIE VOOR STRALINGSDOSIMETRIE

Report 24 of the Netherlands Commis
February 20

VMAT MACHINE

Cone 10 mm Field Width

120

6men Caleulated
S0 Calculated
100mm Calculated

——— 200mm Calcuiateet
15man Measurad
S Measured
100mem Measured
150mm Maasured
200mm Measured

FFF MACHINE

Dose (Normalized)
£

| Octas

S rrrrrr

AGREEMENT TPS- PLAtN DELIVERY
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Example: Potential QA and Error Detected

Table 4
Overview of the various errors that can be detected with EPID dosimetry
Potential errors Pre-treatment verification Treatment verification
2D/3D 2D 3D 2D 3D
No phantom Behind Inside Inside Before Behind Inside Inside
phantom phantom phantom patient patient patient patient
Machine
Wedge presence and Yes (systematic errors) Yes (systematic and random errors)
direction
Presence of segment Yes (systematic errors) Yes (systematic and random errors)
MLC leaf position/speed Yes (systematic errors) Yes (systematic and random errors)
Leaf sequencing Yes (systematic errors) Yes (systematic and random errors)
Collimator angle Yes (systematic errors) Yes (systematic and random errors)
Beam flatness and Yes (systematic errors) Yes (systematic and random errors)
symmetry
Linac output during No Yes
treatment
Gantry angle No Possible Possible Possible No Possible Possible Possible
Plan
Transmission through Yes Yes Yes Yes Yes Yes Yes Yes
leaves
Steep dose gradients Yes Yes Yes Yes Yes Yes Yes Yes
TPS modelling parameters Yes Yes Yes Yes Yes Yes Yes Yes
for MLC
Delivery of wrong patient Yes (if same plan is used for verification and Yes Yes Yes Yes
plan treatment)
Dose calculation in Mo No Yes Yes No No Yes Yes
phantom or natient
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10P FURlISAIPE  Instims of Prysics and Enclnessing I Madicng Fhwa s In adicins & Bloogy

Objects and Phantoms on e o oey
Can H E L P Fast Track Cammunication

Automating quality assurance of digital
linear accelerators using a radioluminescent
phosphor coated phantom and optical imaging

Tomothe,

H/',qﬁrapy

Ny —

b\

=
w

Table 2. System results compared o existing methods. 3
Symmetric beams Center shift X (mm) Center shift ¥ (mam) Width difference (mm)  Height difference (mm) ;
5% Sem 002 £005 0684011 0584005 0594009 ]
10 10 cm —021 + 007 0.96 +0.12 ~063 £0.15 ~094 +0.31 ]
15 % 15 em —0.49 040 —030 0.00 g
Asymmetric beams Difference in position (mm) 2
(X1, X2,¥1,¥2) X! x2 vI v 8
Auto (=34, =3, 4) (cm) 0.23 + 003 039+ 0.05 026 + 0.06 0.95 =007
Jaw pasition indicators  Symmetric beams Width Difference (mm)  Height Difference (mm)
Auto 5xSem ~0.76 + 0.02 0.06
Auto 10 % 10em —0.46 £ 0.16 +0.19
Iso-align 5% S5cm 0.0 24
Iso-align 10 % 10em 00 20
I Asymmelric beans Difference in position (mm)
(X1.X2,Y1,¥2) Xt xz v 2
Auto (—3,4, -3, 4)(cm) 0.06 + 0.06 0.80 +0.03 140 £0.16 063 +021
Iso-align (5,25, —5, 2.5 cm) 0.0 Lo 10 10
Cross-hair centering Center shift X (mm) Center shift ¥ (mm) ‘Walkout (mm)
Auto 0.35 £ 0.03 077 £ 001 087 +0.12
FC-2Ais0-align —0.25 0.67 05
Couch position Shifis (lat., long.) (mm)  Lat. (mm) Long. (mm) ¥
Aulo (30, 30) 3007 4025 3022 £0.15 g
Ruler (200, 300) 200.3 300.4 ]
Center shift X (mm) Center shift ¥ (mm) £
g
0.19 + 30 0.26 £ 0.13 2
Iso-align 025 0.25 H
H

Nete: Summary of tests performed by the autonomeus system (mean + standard deviation) and comparison te current QA techniques (shown in italics)
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|dentify or Prevent Source of Errors?

R —
vera verita C'¢ una pagliuzza | ook for:

Small or big errors?

Rare or frequent errors?
Random or systematic errors?
Unpredictable or newly errors?

Perché guardi la pagliuzza che € nell'occhio di tuo

fratello, mentre non scorgi la trave che € nell'occhi tuo? ' 2 '76,,;, ,hn,ﬁ’
iy /]

To be accurate once a year (annual QA)
or to be adequate everyday (Daily QA)?:
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| mmobi |l i zation Devicee Q.
Linac Compliant or not?
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