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AGENDA

Overview of the concept

Documents and guideline

Evolution of the equipment and of the QA programs
Doubts and questions

Today, I will not provide methods for QA and specific tests... you can
find multiple way for QA
....look into the problems!
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Basic differences in modern Radiation Therapy Delivery

3D-Conformal Radiation Therapy Intensity Modulated Radiation Therapy
(3D-CRT) Volumetric Modulated Radiation Therapy
(IMRT/VMAT)

_ R
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DEFINE CLINICAL OBJECTIVES AND NEEDS FOR THE FUTURE

\
N/

3DCRT 3DCRT 3DCRT
Static Target Dynamic Target Dynamic Target
NO Motion evaluation 4DCT Motion Evaluation (ITV)

symmetry image
acquisition

\/

“4DRT”
Dynamic Target
4DCT Motion Limitation

Phases beam-on 20-60%
Abdominal Compressor
MIP 4DCT Reconstruction
Deformation analysis
Dose accumulation

o Reduce margins
. Improve delivery efficacy and efficiency

4DRT
Dynamic Target
4DRT Technologies

Internal Marker Tracking
Dynamic MLC
Robotic Couch

Organs Motion Compensation
Daily Adaptive RT
DIBH
Deformable Registration
Dose Accumulation
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NEW CONCEPT FOR TECHNOLOGY AND TREATMENT

TUDI
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Outside Point Of View Inside Point Of View

eed to synchronize the beam
If you lost the

synchronization, than you
will not treat any tumours

® Trackin
) I‘

You don’t see anything inside....

... you believe than you treat the
tumours
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SETUP QA PROGRAMS AND DO ITH

Setting Up a
Radiotherapy Programme:

Clinical, Medical Physics,

Radiation Protection and Safety Aspects Do It and
Review

Create Quality
Assurance
Programs

Machine QA A\ Commissioning

Create
Baseline

YYIAEA

International Atomic Energy Agency
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HAVE A LOOK (STUDY !) OF THE GUIDELINE....
ADJUST BASED ON YOUR REQUIREMENTS...YOU DO NOT NEED TO INVENT!

Safety Reports Series

W/ IAEA

BIR %

B

IAEA TRS-398

IPEM

Absorbed Dose Determination in

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

N>

R

WATER
CALORIMETRY

Co-60

y-rays

10NOMETRY

CHEMICAL

DOSIMETRY neavy

/./ lons
GRAPHITE

medium energy CALORIMETRY
x-rays low energy

X-rays
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THERAPY : EQUIPMENT'S EVOLUTION

Storia dei Linac - Gantry tipo C-Arm ]

Disponibilita commerciale

1955 1968 1988 1992 1995 1996 2001 2003 2005 2008
1 1 1 | 1 1 1 | 1 1 I,
| 1 | | | | | X | | | |
CO &0 Clinac EPID 3D -CRT MLC Serial ‘t IMRT CT CBCT RapidArc
4 MV TomoTherapy  IMAT Guided VMAT
(1'IMRT com mnrcialof\\ IG-IMRT
%
v
\
\
Helical v 2003 2005 2007 2008
TomoTherapy ‘= I I I I
2003 d Adaptive
# ap
Storia dell'imaging — Gantry tipo Ring '/' Planning Tomotirect
S DGRT
1972 1983 1992 19495 ,1' 2002 Dose Varification
[versioni commercializzate) | | 1 | i | .
I i ] | 1 *
Helical PETICT uso
CT MRl Helical CT pyti slice CT comune

NEXT GENERATION

* LINAC MRI

LINAC PET

PROTON AND CARBON
* weeenen THERAPY
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CLINICAL NEEDS
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TECHNOLOGY EVOLUTION AND REQUIREMENTS

2013
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MODENA RADIATION ONCOLOGY ... ROADMAP

180 cm —
Tomotherapy - 4DCT
Lesion 3D-CRT 2 @ g
VMAT with FFF — DIBH & 4DRT
mm N@E@&EIEEZ@Q?
10cm —] ’7
A Head & Body
j |E .
/i }G ) Stereotactic
GV
Radiosurgery
1cm —
Radiation + Nanotechnology & Genomic
Proton
1mm
|
Easy Treatment Complex
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i.e Guideline for implementation

EUROPEAN SOCIETY FOR THERAPEUTIC RADIOLOGY AND ONCOLOGY PERETS

ESTRO

Absorbed Dose Determination in
ESTRO Booklet 4: 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 Cay >f~7’>""%
SYSTEM IN RADIOTHERAPY ‘( Q\
oosmey O~ > e
A project of the ESTRO Quality Assurance Committee sponsored by P p—
'Europe against Cancer’ - ey 00
Writing party: J W H Leer, A L McKenzie, P Scalliet, D | Thwaites ‘

ity, Phila dclph l\A

M Saifu lHuq TTmmzzJ ferson L
i, National Ins

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

&@

I . a)
QA for helical tomotherapy: Report of the AAPM Task Group 148 L IAE A

Task Group 142 report: Quality assurance of medical accelerators®

Quality assurance for image-guided radiation therapy utilizing CT-based
technologies: A report of the AAPM TG-179

23
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+ LINAC QA

« Geometry and mechanical * 4D Therapy
i i + Breath synch
+ Dosimetric .
« MLC » Beam on/off and delivery (DIBH)
- Safety and collision * Ramp-up of the beam-on
« Imagi + Gantry rotation speed
ging ‘
- EPID/ CBCT y Cof!stalnt
« Couch  Variable
- Radiosurgery » Doserate
« Positioning (frame vs. frameless) * Coqua;nt
» Accuracy . V:_:ma e
- Rotational of gantry and collimator * Discrete . .
. SBRT » Complete procedure after interruption
« Positioning (frame vs. frameless) * 3DCRT
- Accuracy * IMRT . .
- Rotational of gantry and collimator * dMLC or Sliding Windows
« IMRT © VMAT
« Penumbra + Radiosurgery
- Inter/interleafs * SBRT
+ MLC Interdigitation » Isocenter junction _
« VMAT * Junction of the beam and divergence
iqitati * Non-Homogeneity condition
« MLC Interdigitation
e Leafs speed » Cerrobend Block?
- Doserate * Tray .
- Different Therapy f Real—t|mc_e monitor systems
- Low Doserate/Low MU * Log files ana;ly5|s .
- Low Dosedose/High MU . Unpredlc_:tgbe _ce;]ses (near missing or errors)
- High Doserate/Low MU + Connectivity with I0S

- High doserate /HighmMu 7 e
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Task Group 142 report: Quality assurance of medical accelerators®

II. QUALITY ASSURANCE OF MEDICAL
ACCELARATORS. ...
ILA. General........... ... ... il
IL.B. Test frequencies. .......................
II.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
IL.D.1. Asymmetric jaws.....................
I1.D.2. Dynamic/virtual/universal wedge. .......
D3 MLC.....o
ILD4 TBUTSET. ... ...l
I1.D.5. Radiographic imaging. ................
I1.D.6. Respiratory gating. ...................
III. SUMMARY OF RECOMMENDATIONS/
IMPLEMENTATION SCHEME. ..............
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i.e. LINAC QA

CQ-A¢ELEMTOM LINEARI LINAC 3.2. MECCANICI reeresnrnernnennnenns 13

3.2.1.  Centratura croce di campo (posizione de |socentro meccamco} .13

3.2.1.1.  Distanza Laser/telemetro/check pointer... .13

1. CONTROLLI GIORNALIERL ......conrrecrrvernnnnrsssisssnssseenns 32.1.2.  Indicatore angoli collmatore ..... 14
1.1.  DOSIMETRICI.. 3.2.1.3. Indicatori posizione del lettino .14
1.1.1. Controllo delloutput perfotonl ed elettronl 32.2. Coincidenza Luce/Campo radiante... 14

1.2. MECCANICI..

1.2.1. LOCEllIZEIZIOﬂE del Iaser ed |nd|cat0re cI| dlstanza (T elemetro}
1.2.2. Indicatore dimensioni collimatore ..

1.3. SICUREZZA...
1.3.1.  Verifica del fun2|onamento delle sicurezze elettnche e meocanlche

3

3. MLC..

3.2.3. Indicatori posizione collimatori e verlﬁca comadenza Iuoe,-‘raggl (ammmetrla) 16

3.3.1. Contmllo MLC
3.3.2.  Setting dei collimatori/lamelle ( da effettuare solo su acoeleraton ELEKTA) ..19

3.3.3.  Picket fence test (0°, 90°, 180°, 2?’0“) U RP .- |
1.3.2. Interlock interruzione erogazione per Iapertura della porta del bunker. 3.4. IMAGING.. . ....19
1.3.3.  Sicurezza sulla chiusura della porta... 34.1. Risoluzione spaZ|aIe oontrasto rumore e scallng reeersereseneseneeeeneesesesenns 19
1.3.4. Sistemi audiovisivi.. 4. SEMESTRALI.. ...20
1.3.4.1.  Interfono... 4.1. DOSIMErRICI . . 20

1.3.4.2.  Monitor ..
1.3.5. Verifica dei dlSpOGItIVI di awertlmento
1.3.5.1.  Acustici ..
1.3.5.2. Lum|n05| .
1.3.6. Dispositivi di verifica specifici: SIEMENS PRIMUS
1.3.6.1.  Spia verde di RESET che segnala il vuoto..
1.3.6.2.  Spie gialle del modulatore .........ccooereereneeeeenenens
1.3.6.3.  Spie verdi di alimentazione ..
1.3.6.4.  Livello dell'acqua.....ccooeeeeeeeee e
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 |nd|ca Ia purezza del ﬁltro
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.  Posizionamento e r|p05|2|onamento
CONTROLLI SETTIMANALL.................
2.1. DOSIMETRICI..
2.1.1. Controllo dell’ output per gIl elettronl
2.2, MLC... - -
2.2.1. Plcket Fenoe test
. CONTROLLI MENSILI.
3.1. DOSIMETRICI..
3.1.1. Controllo deII output 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 fotonl
3.1.5. Costanza del profilo degli elettronl

LbobbmmmwmmmwmmowowewNNNNVNUWNNNNNNYNobLnn

5

1
2
3. Misure assolute
4

.5. DOSIMETRICI ..

.6. MECCANICI ..

4.1.1.  Accessori TBI (diodi) ..

ANNUALL.....

Premesse sull‘utilizzo della strumentazione.
Misure Relative....

Equilibrio delle camere di ionizzazione..

5.5.1. Dimensione del campo ﬂatness e S|mmetr|a per i fotoni..
5.5.2.  Flatness e simmetria per gli elettroni..
5.5.3.  Calibrazione output fotoni ed elettroni (IAEA 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 0 TPRZDw)

5.5.7. Qualitd del fascio di elettroni (Rso &/0 Rso)...
5.5.8.  Linearitd Monitor Units fotoni.....
5.5.9. Linearita Monitor Units Elettroni.
5.5.10. Costanza output fotoni vs. dose rate .
5.5.11. Costanza output elettroni vs. DOSE FAE .....cceveroeereereerreesressreenereeenmee e e e ssesnnes
5.5.12. Controllo angolo dei filtri universali (Elekta) ..
5.5.13. Costanza output fotoni vs. angolo Gantry ..
5.5.14. Costanza output elettroni vs. angolo Gantryr
5.5.15. Costanza output fotoni ed elettroni off axis vs. Gantn,r .
5.5.16. Costanza TPR*1g in condizioni TBI ..
5.5.17. Calibrazione output TBI..

5.6.1. Rotazione |socentr|ca coIIlmatore
5.6.2.  Rotazione isocentrica Gantry...
5.6.3. Rotazione isocentrica lettino
5.6.4. Sag lettino....

3.1.6.  Costanza dell'energia dei fotoni e degll elettroni 5.7.1.  Trasmissione MLC intra & ter MEle. ... oo oo 31
3.1.7. Filtri dinamici Controllo Wedge factor..........owweeeesceee e 13 6. Tabelle Riassuntive dei imiti di BCCETTADIEA.................ooorroosooeeorrreerron 32
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DEFINE TOLERANCE .....

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

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

Light/radiation field coincidence” (asymmetric) I mm or 1% on a side E\N“-“ N ”2

Distance check device for lasers compared with 1 mm KE SENS \_OG“ES - FOR ER
front pointer MA TEC“NO o\(‘,NG 1MPROP

Gantry/collimator angle indicators 1.0° AND E\(OU "o oRS OR
(@ cardinal angles) (digital only) OR AR MON ERR ONS?

Accessory trays (i.e., port film graticle tray) 2 mm UNCOM OS‘-T"

Jaw position indicators (symmetric)® 2 mm 117}

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 Functional

Respiratory gating

Beam output constancy 2%

Phase, amplitude beam control Functional
In-room respiratory monitoring system Functional
Gating interlock Funftional
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DEFINE FREQUENCY AND PARAMETERS

TABLE I, Amnnual.
Machine-type tolemnce
Procedure Non-IMRT IMRET ERS/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 quality (PIMD)yg or TMRID = 1% from baseline
Electron beam quality {Rsq) *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

=2 mm from

*+29% =5 MU

2% from baseline

% from baseline
= 1'% from bkaseline

= 1'% from bkaseline

= 1'% from bkaseline
Functional

1% (TBI) or 1 mm PDD 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 baseline

meachanical isocenter baseline
Table top sag 2 mm from baseline
Table angle 1=
Table travel maximum range +=2 mm
movement in all directions
Stereotactic accessories, lockouts, eic. A MA

Safety

Follow manufacturer’s test procedures

Hespiratory gating

HBeam energy CONsancy

Temporal accuracy of phasefamplitude
gate on

Calibration of summogate for respirstory
phasefamplitude

Interlock testing

Functional
2%
100 ms of expacted
100 ms of expacted

Functional

2% =5 MU

=1 mm from baseline

Functional
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IMAGING QA

R

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}

Scalingb =2 mm =2 mm

Spatial resolution Baselineg™ Baseline

Contrast Baselina Baseline

Uniformity and noise Baseline Baseline

Planar k¥ imaging® - ‘mag\“g

Imaging and treatment coordinate coincidence =2 mm =1 mm . a‘\‘v ‘ﬂ ose
S;:Etrgw‘jina] anstes) =2 mm =1 mm are do‘“gf(d)r setup puepwh-‘Ch
Spatial rezolution Baselina Baseline we at-‘e“ts T pu\‘pos ! Y QA?
CDI-'ILI'.lSl- ) sts:l:mc Basi:l:lnr: t“e p t“ve R CY of m
Uniformity and noise Baseline Baseline d Adap eque
Cone-beam CT (kV and MV) ?“t“e ves fx
Ceometric distortion =2 mm =1 mm ‘S
Spatial resolution Basaline Basaling
Contrast Baseline Baseline
HU constancy Baselina Basaling
Uniformity and noise Baseline Baseline

Anmuoal (A)

Planar MV imaging (EPIIN

Full range of travel S *5 mm *5 mm
Imaging dose® Baseline Baseline
Planar KV imaging

Beam qualityfenerzy Baseline Baseline
Imaging dose Baselina Basaling
Cone-beam CT (kW and MV)

Imaging dose Baseline Baseling
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.....e. QA FOR TREATMENT MACHINE USING FLAT PANEL

Table 2

EFID

non-transmission
during treatment

nan-iransmission
pre-ireatmant

List of key references on non-transmission based dose verification methods

locaton of companson: |

EPID:
- portal dosimalry
-20

patiant or phanbam

- dose reconstruction
=20 or 3D

patent or
phantam

EFID

transmission
pra- & during treatmant

Verification procedure

Type of verification Key references

Objective of verification or subject of the
study

QA of treatment machine

g 2 8 828

Prisciandaro [93]
Dirkx [52,53], Budgell [80,87]

Baker [84], Yang [95], Samant [96],
Parent [97]
Vieira [86]

Vieira [98], Partridge [99],
Chang [88]

Radiation-light field congruence

Tinac output_ beam profile flatness and
symmetry
MLC leaf position for step-and-shoot fields

MLC leaf position and absolute output for
low MU segmented fields
MLC leal position aunng amic

treatment
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...DURING THE COMMISSIONING YOU NEED TO VERIFY THE TOLERANCE....
..... AND DEFINE THE FUTURE BASELINE

The NCS report nas Deen downiaanea on 29 Mar 2017

Code of Practice for the Quality Assurance and Control Lleohgommnwemznkrayhsdldo(nwa)ewm; ;‘;‘: Sd;:d de::d
for Volumetric Modulated Arc Therapy 4 % Dose peescr,
. (&) e \\
WS Temica Fantocio Piang || S0 anry \\\\\\\\\\
10 Pazente ) N
TGHN | RO | TRT | Ot T K] ]
TGUGHN | MONAGD | IWRT | Octas | | 1 o 03
TGLIOHN | MONACD | IMRT | Octavss | i 1 02
o JGLISHY MONACO.: JMRT_L Octaus I 045
NEDERLANDSE COMMISSIE VOOR STRALINGSDOSIMETRIE TG119HN MONACO | IMRT_ | Octawius 15 08
. TGLIOWN | MONACD | IMRT | Qctaivs 16 0853
Report 24 of the Netherlands Commission on Radiation Dosimetry TGHSHN | MONACO | IMRT | Octawius | i 17 R, 013
February 2015 TGLIGHN | MONACD | TVRT | Octavs 1 030
TGLIHN | MONACD | IMRT | Octavus 19 %0, 03
I 291
400 T T T T F MONACD | AL RW3 a8
— Openfield F L MONACO | dMLC | RWD )
g:_imﬁdd F MONACD | dMLC WA 3?27
0 pes PR F MONACO | aMLC | RW 221
F MONACO | aMC | RWS | 8
210 ] i MONACO | HlC | RWY 23
F. MONACO | dHLC RW3 167
F. MONACD | dMLC RW3 29
28] i F L MONACD | dMC | RWS 15
= f MONACD | dMC_ | W3 242
a oo JGL19Csipe | MONACO | VMAT_ | RWY | 016
B 200 L T6119 Cshipe | MONACD L] oM
§ L. TGH19 Cehege | MONACO R 7 016
16119 Cshape | MONACD [ 085
180 q
2 3} on
05
VAT
1@ 1 ! T VAT | Octaiss 056
o SO MONACD | VMAT | Octafs % 056
| g 6608 MONACD | VMAT | Octavus 049
i} | 1 1 1 " "

Cone 10 mm Field Width

120

—— 15mm Calculated
Simen Calculated

FFF MACHINE 100mm Calculated

e 150mm Caleuiated

—— 200mm Calcuated
~ 15mm Measured
5mm Measured

100mm Measured
150mm Measured
- 200mm Measured

i . -
ﬂ/. - T\\ AR R T
- o : =) AGREEMENT TPS-PLAN-DELIVERY

Distance (mm)
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l.e. 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

phantom or patient

2D/3D 2D iD 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 No No Yes Yes No No Yes Yes
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SOMETIME OBJECTS AND PHANTOM CAN HELP THE WORK-LIFE

0P FURIISAIFE  Instims of Phesics and Erdlnass ng I Madicns Fhva s In Madkcine & Eloiogy

Shye. ked. Biol. &1 (30061 LEg-Law el L ORI R T L 7L

Fast Track Communication

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

N

2

3

Table 2. System results compared o existing methods. 3
Symmetric beams Center shift X (mm) Center shift ¥ (mim) Width difference (mm)  Height difference (mm) H
—0.02 £ 0.05 068 £0.11 —0.58 £0.05 —0.59 £ 0.09 g
—0.21 +0.07 0.96 +0.12 —0.63 015 ~094 £ 031 2
0.19 040 030 .00 g
¥ Difference in position (mm) 2
(X1, X2, ¥1,¥2) X! pel v 2 B
Auio (=3,4, =3, 4) (cm) 0.23 + 0.03 039 + 0.05 026 + 0.06 0.95 +0.07
Jaw pusition indicators  Symmetric beams Width Difference (mm)  Height Difference (mm)
Auto 5xSem 076 + 0.02 173+ 006
Auto 10 % 10em 0.46 £ 0.16 171 £0.19
Fso-align 5% Sem 00 -20
Tso-align 10 % I0em 00 —20
n Asymmetric beams Difference in position (mm)
(X1.X2,¥1,¥2) X1 x2 v 2
Auto (3.4, 3.4 (cm) 0.06 £ 0.06 0.0 4 0.03 140 £ 016 063 4021
Iso-align 5,25, -5, ~2.5) (em) 00 L0 10 10
Cross-hair centering  Center shift X (mm) Center shift ¥ (mm) Walkout (mm)
Auto —035 £ 003 0.77 £ 0.01 0874012
FC-2s0-align —025 067 05
Couch position Shifts (lat., long) (mm)  Lat. (mm) Long, (mm) ¥
Auto (30, 30) 30,07 £025 30224015 g
Ruer (200, 300) 200.3 3004 §
Ceater shift X (mm) Center shift ¥ (mm) 2
to cross hairs) g
019 + 30 —026+0.13 H
Iso-align 025 0.25

Note: Summary of tests performed by the autonomoas system (mean + standard deviation) and comparison to current QA techniques (shawn i ftalics)
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Look 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?|

To be accurate once a year (annual QA)
or to be adequate everyday (Daily QA)?:
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cisesnnnnnss IN PRACTICE? «UMARELL CONCEPT»

Wrong Workflow or Healthcare Model — Error investigation Results: Simplify and prevent accident
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DEFINE THE BASELINE AND REPEAT FREQUENTLY (AS LOW AS REASONABLE) THE QA TEST
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i.e. Isocenter and MLC position (Picket, Fence) Tests
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Trace and Record any Data
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Simplify theory (i.e. Six Sigma)
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It is all about continuous improvement

P S aa W a =

Define Measure Analyze Improve Control
What are
The risks? What is the cost
if it occurs? Rank all by
cost, time, etc Prioritize
what steps
to take
next As time

moves on,
update the plan

Plan with Measures

& & & D

Define Measure Analyze

Voice of the Customer

——— — — e

Run Charts

A A Process Map

pbtdid
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ALTERNATIVE - INDEPENDENT REAL-TIME BEAM MONITOR SYSTEM

Beta-Tested @ Modena Hospital

Treatment Planning Record and Linac Control _\
System Venfy System System

» Possible QA of the LINAC

* Pre-Treatment QA activities

 Error prevention instead of error
management

Linear
Accelerator

(el
Chamber

Checksum
nager
‘

Bluetooth

IQM Dalabase |QM Transceiver
Applications

« Intra-fractional verification system

» Real-Time user interaction

» Automated monitoring of every
single treatment fraction

« Patient delivery and safety improved
in real-time

» In-Vivo evaluation

Installed @ Modena Hospital
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IQM MAP QA - DAILY QA TEST FIELDS

 IMRT plan

* 18 segments

« Irradiated with 6 MV photon

« Constant 50 MU/segment dose output

mean variability (for all segments) 0,7% and standard deviation of 4,7%

20.0 cm

14.0 cm

Count diff. (%)

this is true for all segments
except the 15t one.

T T T T T T T T T
7 9 1 13 15 17 19 2 23 25 27 29 3 33 3b

Segments
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VMAT RESULTS

Plan error vs. Gantry angle

<

Plan error vs. Gantry angle

NG S S

=N

Plan error vs. Gantry angle

=

Plan error vs. Gantry angle

IMRT

MU error
Gantry angle (°)
1% 2% 3% 4% 5% 10% 20%

i 0 0,2% 1,0% 2,1% 1,8% 2,9% 7,9% 16,8%
Reoss ] 20 2,5% 2,4% 3,1% 5,4% 4,1% 9,1% 21,1%
1 40 3,6% 4,6% 6,2% 5,6% 6,7% 12,3% 20,4%
60 1,4% 2,4% 3,1% 4,0% 5,4% 10,0% 20,3%
80 1,3% 0,8% 4,4% 2,7% 5,1% 9,1% 19,1%
B 15% 100 2,4% 2,3% 3,5% 2,2% 4,5% 9,3% 19,6%
é 120 2,8% 1,2% 3,4% 3,6% 5,6% 9,3% 21,9%
3 140 1,6% 1,6% 4,8% 2,1% 4,4% 11,9% 18,9%
f,:’ 160 2,9% 2,8% 3,5% 3,3% 4,5% 8,4% 19,9%
8 180 1,8% -1,8% -0,3% -0,4% 6,1% 9,2% 18,3%
200 1,8% -0,4% 2,1% 0,9% 2,5% 9,3% 19,2%
220 0,9% 1,0% 1,4% 1,6% 2,5% 8,6% 18,7%
240 1,9% 1,7% 4,6% 3,3% 5,3% 8,9% 19,5%
260 2,8% 2,6% 3,8% 2,5% 5,6% 9,1% 20,1%
280 4,0% 5,2% 5,0% 8,0% 7,8% 12,9% 25,8%
300 2,1% 3,4% 3,1% 5,3% 4,5% 9,8% 20,5%
15% 320 2,0% 3,4% 3,6% 4,5% 6,4% 12,0% 21,2%
Delivered MU error 340 2,0% 2,4% 4,6% 5,1% 6,8% 11,7% 22,4%
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WE NEED INSTRUMENTS TO PREVENT ACCIDENT AND FOR QA... YOU MUST PRETEND IT!

IMRT - Intensity Modulated Radiation Therapy

Tomotherapy
Total Lynphoid Irradiation

©2007 URMC Cancer Géntérs, Radiéition Oncolo
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SOME OTHER DOCUMENTS TO TEST THE AGREEMENT BETWEEN PLAN AND DELVERY

e AAPM Report No. 62: Quality Assurance for Clinical
Radiotherapy Treatment Planning (December 1998)

e IAEA Technical Report Series No. 430 : Commissioning and
Quality Assurance of Computerized Planning Systems for
Radiation Treatment of Cancer (October 2004)

e IAEA TEC-DOC No 1540: Specification for Acceptance Testing of
Radiotherapy Treatment Planning Systems

Commissioning and
S— Quality Assurance of
A= Computerized Planning
Systems for Radiation

Qualty Assurmance for Clinical

Radiatherapy Treatment Planning b -

Spechicetion and Accepltance
Testing of Rediotherngy Trestment
Masning Systoms

(©uea
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Modeling of the measures (Theory vs. Practice)

=== computed

— maarurad

2.4 - 0-1.%5-1.0-0.% 0.0 0.% L0 L.% 2.0 2% =1 =8 =& = | =2 1] 2 i b ] (]
1a) off-Auwis Distance [cm) I off-hxis Distance (om)
il off-Axis Distance (cm)
=== ompubed
— A e ﬂc-.pl.l.hud ..-'h
LA measured o

T T T T T T T T T T T T T T T 1 ' I I I I l
-7 -6 -5 -4 -1 -2 - -2 -15 -10 -5 L] 5 1) 15 20 .
7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 & & 1 ; -10 -5 0 5 i0 15

B Off-hxis Distance {(om) DEf-Axis Distance (om)
I 1) off-Reia Diatance (cm)
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MEASURE MISTAKE EFFECTS

Effect of shifting depth-ionization data measured with cylindrical chambers upstream by 0.6
r.,, for photon beams and 0.5 r,, for electron beams (with r_,, = 1.0 cm). For the electron
beams, (b), further corrections are applied to obtain the %dd(x) curve shown.

100 §
§ ot
; i
8
i
i
70 F
E
i
50 ¢ 0
0 0 1 2 3 4 5 68 7 8

depth/cm
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SCATTER KERNEL

(€) J (d)

Figure 8.2
The summation of dose contribution from varlous scatter kernels, K. (a) Beam kemel, (D) Slab kernel, (c) Pencll beam
kernel, (d) Point kernel. [Adapted with permission from reference [12])
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Fluence vs. Dose (Water vs. Inhomogeneous)

i Water ) Inhomogencous
o Lateral Peaivion B | stera] Positizem
-1§ s 2 4 -L§ 11 “ 5 fi 1
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QA — QUALITY ASSURANCE INSTRUMENTS
(i.e. Adaptive RT could based on CBCT calculation or we could need phantom for gating verification)

Region Homogenaous, Complex geometry More complex
simple geometry (wedge, inhomogeneity, geometries™ ™™
asymmetry, blocks / MLC)

0, Central beam axis data - high 2% 3% 46
high dose, low dose gradient

0,* | Build-up region of central axis 2 mm 3 mm 3 mm
beam, penumbra ragion of the or 10% or 15% or 15%
profiles - high dose, high dose
gradient

8, | Outside central beam axis region - 3% 3% 4%

high dose, low dose gradient

8.** | Outside beam edges - low dose, 30% (3%%) 40 (4%) 506 (5%)
low dose gradient

RW;{ Radiological width = high dose. 2 mmor 1% 2 mmor 1% 2 mmor 1%

-

high dose gradient.

-

8xu.50] Beam fringe = high dose, 2 mm 3 mm 3 mm
high dose gradient
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DOUBTS AND QUESTIONS?

\

\ \
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"That's too much!ll”

(Praha 2009 : Tomotherapy Meeting)

Un maestro in pensione...
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