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B QUALITY ASSURANCE (QA)

Quality assurance (QA)
* Quality assurance
* Quality system
* Quality standards
* Quality controls

Quality assurance in Radiotherapy
* Guidelines
* Medical Device QA
* Non-Medical Device QA
* Patients QA
* Present and future of RT QC
» Tests: frequency and tolerances
* Tools and other QA programs

Today I will not provide specific QA methods and tests...
You should find (define) the tests and methods adequate and appropriate
for your center, experiences, technologies and available tools

...look at the problems and guidelines!
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IDENTIFY OR PREVENT SOURCE OF ERRORS?

Look for:

Small or big errors?

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

A o
Matteo 7:3 : "Why do you look at the speck of dust in your
brother's eye, but fail to notice the log in your own eye?"

To be accurate once a year (Annual QA) or
to be adequate everyday (Daily QA)?:
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Simplify theory and QA Programme (i.e. Six Sigma)

It is all about continuous improvement

Define Measure
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 &F T D

Define Measure

Analyze Improve

Voice of the Customer
..I__..... — Y P Run Charts

7 A Process Map

pbtbid

pbtdid
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QUALITY ASSURANCE (QA)

All the planned and systematic actions necessary to provide

Q UALITY adequate confidence that a product or service will satisfy the
N given requirements for quality. (Prof. Golam Abu Zakaria)
ASSURANCE
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QUALITY ASSURANCE (QA) — Sample Guidelines

IAEA

Wrtornational Atomic Energy Agency

Safety Reports Series

safety
SEES

Standards, Applications and
Quality Assurance in Medical .
Radiation Dosimetry (IDOS) Applying

e / \ Radiation Safety Standards Calibration of
: : : Reference Dosimeters for

in Radiothera
\ P External Beam Radiotherapy

In collaboration with WHO

of an International Symposium

Vienna 3
9-12November2010 ¢/ M . ‘
ointly sponsored by

Vol. 1 i \ 7 OOO®

1AEA
S Jj&' P
ESTHI™ S e
{18} TNATIONAL ATCMC ENGRGY AGENCY, VIENNA, 10 @ IAE é_ -
'AEA-TECDOCJSSS ’AEA-TECDOCJSSS g
IAEA TECDOC SERIES :
Yrovs lectrns
|:n:‘n‘|‘n::m. AN m— -\ o e
. 3\ )
DOSIMETRY neavy
e . ) y Regulatory Control
S Commissioning of Radiotherapy Measurement Uncertainty
Ko b Treatment Planning Systems: Socondry SiandardsDosimoty Labaraionos of the Safety of lon -
Testing for Typical External Beam Radiotherapy Facilities

Treatment Techniques

Report of the Coordinated Research Project (CRP) on

D of for Quality A: of

TECHNICAL REPORTS SERIES No. 398 Dosimetry Calculations in Radiotherapy
Absorbed Dose Determination in
External Beam Radiotherapy
An International Code of Practice for Dosimetry
Based on Standards of Absorbed Dose to Water
Sponsored by the IAEA, WHO, PAHO and ESTRO

S)IAEA S)mea
@ INTERNATIONAL ATOMIC ENERGY AGENCY, VIENNA, 2000 January 2008 May 2008 4&;‘ IAEA

Internationsi Atomic Energy Agency
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QUALITY ASSURANCE (QA) — Sample Guidelines

v”
IA E A Press centre  Employment Contact
International Atomic Energy Agency

TOPICS v SERVICES v RESOURCES v NEWS & EVENTSv ABOUT US v

wn
)
o]

Home / Resources / Publications / Technical Reports Series

Publications advanced search

IAEA scientific and technical publications can be searched by multiple parameters: year of publication, topic and type. Use the facets to
input your search criteria or the text field to search by title, keyword, ISBN, ISSN or series number.

Radiation Oncology Physics:

A Handbook for Teachers and Students

E.B. Podgorsak
Technical Editor

IAEA HUMAN HEALTH SERIES

Record and Verify Systems for
Radiation Treatment of Cancer:

Acceptance Testing, Commissioning Handbook of Basic
and Quatty Contiol Quality Control Tests for
Diagnostic Radiology

Implementation of a
Remote and Automated
Quality Control Programme
for Radiography and
Mammography Equipment

IAEA HUMAN HEALTH REPORTS No. 7

(raea ()iaea

Please, refer to recognized and registered international agencies and associations, not to occasional websites
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it  NO NEED TO INVENT ANYTHING: THE GUIDELINES ARE AVAILABLE!

Safety Reports Series

IAEA TRS-398

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
WATER /

CALORIMETRY >‘ ‘7/>/ugmns
Co-60 $

y-rays —\

I0NOMETRY
CHEMICAL 73
DOSIMETRY ; heavy
g J/ lons

GRAPHITE
medium energy CALORIMETRY
x-rays low energy
x-rays

Pedro Andreo, Dosimetry and Medical Radiation Physics Section, IAEA

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

Klaus 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

rereet i

IPEM

INTERNATIONAL ATOMIC ENERGY AGENCY l A E A
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tatese Organize and Track the documentation

Possible definition (ISO Source):

A Quality Management System is a set of all connected and interdependent activities that
influence the Quality of a product or service. Documents the processes, procedures and
responsibilities for achieving quality policies and quality objectives.

The Quality Management System consists of:
* An organizational structure
 The processes

=z§ I'w “ggﬂi—‘»i:lé-'-“: Sl

«  Responsibilities 1.3 Simim= | 1Ry @ EE?EE—-'?-;"-‘
Sl 3 & et gl

*  The procedure Sintormation =11 D) LI SControl}
E=17.9001:20155: \EDesign

«  Resources =g H 1D & cisomer.
management,uﬁ Maﬂ_ag%m‘en

«  People who know what to do (St w“i’g‘égﬂu Y Foouirements

«  People who know how to do it i ""'“"“'"§ g i“"'x'"m!“i“""“'“?

|
*  People who have the means to do it

*  People motivate to do it because they have a common goal

QA SYSTEMS AND STANDARD
: It's not just paper and operating instructions
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QA PROGRAMME

National or Local Regulatory, Quality System, Certification and Tools. (Examples)

Certification Office

LEAN

MANAGEMENT

LEAN

THINKING

Six Sigma
Quality

BUREAU
VERITAS

Certification Office PDCA Cycle (Deming Cycle)
ACCREDITATION
CANADA

ISO
NS
Better Quality. Better Health. c
heck

C=RM=T

Certificazione ¢ ncerca per la qualita

Joint Commission National and Local Regulatory
International

EUSOMA

European Society of Breast Cancer Specialists]

W ncems : Istituto Superiore di Sanit

Agenzia Nazionale per i Servizi Sanitari Regionali

E.g. Requirements in Italy and Emilia Romagna........
n.332 del 13.12.2017 periodico (Parte Seconda) Requisiti specifici Fisica sanitaria
Reaione Emilia;Romagna Estratto dalla delibera Giunta regionale n. 327 del 23 febbraio 2004 “Applicazione della
DELIBERAZIONE DELLA GIUNTA REGIONALE 4 DICEMBRE 2017, N. 1943 L.R. n. 34/98 in materia di autorizzazione e di accreditamento istituzionale delle
- mypase g - y . I strutture sanitarie e dei professionisti alla luce dell'evoluzione del quadro normativo
Approvazione requisiti generali e procedure per il rinnovo dell’'accreditamento delle strutture sanitarie nazionale. Revoca di precedenti provvedimenti®

LA GIUNTA DELLA REGIONE EMILIA-ROMAGNA - o N . _
Requisiti specifici per 'accreditamento delle Strutture di fisica sanitaria
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Example of an Organizational Model

(i.e. Medical & Health Physics Service for radiotherapy)
ISO 9001 | Quality Management System | PDCA

Quality Management System (CI. 4)

Organization
and its conlext
(Cl. 4)

Customer
Requirements

Need and
expectations of
relevant
interested
parties
(Cl. 4)

SES

Support
CL7
Operation

Cl.8 Customer

satisfaction
Planning Leadership
ClLL6 CLS

Improvement

Results of the
QMs

Products and
services

CL 10

Source ISO 9001:2015
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Workflow, Processes, Sub-processes and Procedures

Mission
Internal Factors External Factors Co‘r\'cest
Strategies
N N DN DN DA DNAA DA DA DNA
2 - £ - ;
s gl |8 |2 |S8||E8||&||8] ¢z .
B = = S Z - = o El vic
5 2 e S 5 8 3 g ef
® g g % § 2 < 3 S 5
_________ NN NN N N N NN
Input Care
(Patients) Workflow (Patients) of‘d\ow
Radiotherapy Processes W
VANV NVANVANDZAN
(%] 4] qg_,
sell 2|l ell=||23 55€5
%% =§ é a o Sub‘Pr ¢
= - o @ S
[ 5 = 2
o N .
""""""""""""""""""" f'““““““““'i',r'ocedure :m
@ QA Pro9™ |
nd Mant
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Documentation tracking (example)

11/09/25

TITOLO

SOMMARIO
1. MODIFICHE
2. OGGETTO E SCOPO

3. CAMPO DI APPLICAZIONE

4. RESPONSABILITA
5. INDICATORI APPLICABILI

6. DOCUMENTI DI RIFERIMENTO
7. DEFINIZIONI
8. CONTENUTO
8.1 GENERALITA

Referente della procedura: ..........

Gruppo di Lavoro:

Non é consentita la diffusione del presente documento all'esterno dell‘Aziends in assenza di preventiva autorizzazione
deila Direzione Aziendale. Si intende valida Ia copia pnesenre e pubblicata all'interno del sistema informativo aziendale;
ogni | documenro cartaceo e lasciato inc non gestito all'interno dell'organizzazione, non essendo in
a criten di nntraoc:ab:llra, ha valore puramente esemplificativo e potrebbe non
corrispondere allz versione in vigore.

REDAZIONE VERIFICA APPROVAZIONE
Data Funzione | Visto Data Funzione | Visto Data Funzione | Visto

G. Guidi— 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications
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SETUP QA PROGRAMME AND DO IT!!

Setting Up a
Radiotherapy Programme:

Clinical, Medical Physics,
Radiation Protection and Safety Aspects

Do It and
Review

Purchase
technologies
and

Create Quality
Assurance
Programs

Machine QA

Create
Baseline

(&Y IAEA

International Atomic Energy Agency

G. Guidi— 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications 14



LINAC & IMAGING : EQUIPMENT'S EVOLUTION in RT

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 1.
| I 1 T ) 1 1  § T ] 1 1
co 60 Clinac EPID 3D -CRT MLC  Serial \‘ IMRT CT CBCT RapidArc
4 MV TomoTherapy \ IMAT Guided VMAT
(1'IMRT commorclalo)\‘ IG-IMRT
\
\
\
Helical \\ 2003 2005 2007 2008
TomoTherapy y l I R il
e A Adaptive i
4
Storia dell'lImaging - Gantry tipo Ring ',’ Plan‘:\ing TomoDirect
4 DGRT
1972 1983 1992 1995 / 2002 Dose Verification
(versioni commercializzate) | | | 1 2 | %
] || 1 | | | ™~
Helical PETI/CT uso
CT MRl Helical CT pmyiti slice CT comune

NEXT GENERATION

* LINAC MRI

LINAC PET

PROTON AND CARBON
........... THERAPY
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RADIOTHERAPY... ROADMAP

000000
XX I I EXX]
e pREree
RN

[
| TBI (2005)
Tomotherapy - 4DCT TBI Paediatric (2007)
180cm Adaptive RT Arc-TBI (2016)
(2008)
Lesion
3D-CRT
(2000)
VMAT (2011)
VMAT FFF (2017)
DIBH (2017)
10cm —
IMRT
Head & Body (2005) SBRT Prostate
Stereotactic Ultrasound
(2005) (2022)
Radiosurgery
(2004) Brachytherapy
Icm | (2004)
Brachytherapy-
MRI
(2021)
Future? Hybrid-Machine
Nanotechnology & Genomic
Artificial Intelligence
I1mm |
Easy Treatment Complex
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Radiotherapy Network & Facility

ARCHIVE/BACKUP MOSAIQ

HIS eChart COM.NET Billing AURIGA PACS/PACS-RT REPOSITORY
| DIGITAL & LEGAL DATA

| Hospital Network (Data Center)

| Interoperable Network

| Radiotherapy Network and Facility |

o /
@ cATAL
MR 1.5T Philips N
MR 3.0T GE
Al - HPC
= Research

SIEMENS
Healthinezrs "
—— [

\ B/
Siemens Biograph 64 mCT

Monaco Oncentra-Brachy

Raystation MyQA &

Toshiba Aquilion 16 PerFraction
Imaging | | Planning and QA systems | Hub Hospital (Remote site)

Hospital
Treatment Machine

Treatment Machine
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Network and Imaging

eChart COM.NET Billing AURIGA PACS/PACS-RT REPOSITORY

DIGITAL & LEGAL DATA ARCHIVE/BACKUP MOSAIQ

| Hospital Network (Data Center)

| Radiotherapy Network and Facility |

[

IAEA HUMAN HEALTH REPORTS No. 7

.
Y _~— H
No. 39 Record and Verify Systems for
Radiation Treatment of Cancer:
MR 1.5T Philips Implementation of a Acceptance Testing, Commissioning
d Quality Control
MR 3.0T GE Remote and Automated bbbtk
Quality Control Programme
for Radiography and
i Mammography Equipment
': ] =5
. . SIEMENS 3
Y . s Heotthisesrs
-_—
X / Radiation Oncelogy Physics:

A Handbook for Teachers and Students
Siemens Biograph 64 mCT
EB. Pedgorsak
Technical Editer

- —

IAEA HUMAN HEALTH SERIES
No. 47

Handbook of Basic
Quality Control Tests for
Diagnostic Radiology

i

Toshiba Aquilion 16

Imaging |

()aea
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Treatment Planning Systems (Example)

| Radiotherapy Network and Facility |

Al —HPC
Research

Monaco Oncehtra—Brachy

Raystation MyQA &
PerFraction

Planning and QA systems |

Multimodality Imaging
IVDT (Density table vs. HU)
* MRI calculation capability
* Density override
Quantitative imaging
e PET, SUV, etc..
Contouring
* Manual
* Automatic
* Model Based
Co-Registration
* Rigid (MI, CC)
* Deformable registration
* Dose Accumulation
Physics Modeling
Algorithm (CCC or Monte Carlo)
Planning (photon, electron, etc..)
Reconstruction (DRR, Synthetic, ecc..)
DVH, Report and QA
Connectivity (DICOM, DICOMRT, R&V)
Artificial Intelligence
*  Machine Learning
*  Deep Learning)
Auto Planning, Adaptive RT Modules
Radiobiology
Cybersecurity and Al

Cybersecurity for Al

Ransomware Impacting
Healthcare

Healthcare Industry Victimization
by Ransomware

Data Leak Trends

Cyber Attack of Health System
New Ransomware Capabilities
Mitigations

Al for Cybersecurity

Mitigations

Machine Learning

Network Scanning

Al based Anomaly Detection
...ask to your IT or Cybersecurity
department...

Know what we must do or avoid
Know the problems and risks
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LINAC and On-Board Imaging (i.e. example)

| Radiotherapy Network and Facility |

* LINAC QA
* Geometry and mechanical
* Energy (FF/FFF) and Dosimetric
* Inter/interleafs
* MLC Interdigitation
* Doserate
* Gantry rotation speed
* Safety and collision
* Couch (Robotic and 6° freedom)
* Complete procedure after interruption
* TBI (Non-Standard conditions)
* VMAT, IMRT, dMLC, 3DCRT
* MLC Interdigitation

* Leafs speed '
e Penumbra Radiosurgery, SBRT

. CBCT/EPID/MVCT * Positioning (frame vs. frameless)
* Accuracy
* Rotational of gantry and collimator
TBI (Total Body Irradiation)
* Instruments and device
* Vivo Dosimetry and device
* Delivery (Non-Standard conditions)
* Non-Homogeneity condition
* Cerrobend - Tray
* Real-time monitor systems
Non-medical device
. Instruments
. Barometers
* |OS—-R&V
*  Monitors
*  Safety (Camera and Door Interlock)

* Image Quality

*  Contrast/Uniformity
*  Bad Pixel Map

*  Image Density (IVDT)
*  Spatial resolutions

*  Geometric

*  Accuracy

*  Reconstructions

* TBlimaging

. Vivo Dosimetry

Hub Hospital
Treatment Machine
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Remote Site

| Radiotherapy Network and Facility |

Issues to evaluate to have same performance

o

P g \ o ™
» » Development 4
/réki“S

®

Learn< ’
= N Coaching
g g

\
. Teaching  Knowledge .
(Remote site) " a - ‘ 8 .

Hospital
Treatment Machine

Remote Desktop
Connection

' )( i

Example: computer fabrkam com

pame.  None specified

The computer name field is blank. Enter a full remote computer
name.

w Show Qptions Cognect

* Complete overview of the data from the Hub
* Equal QA Program
*  Equal accuracy and frequency

Remote sites are not treating patients B!!
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QA — QUALITY ASSURANCE INSTRUMENTS

(i.e. Adaptive RT based on CBCT or phantom for gating verification)

11/09/25

Region

H(}'U.‘r"_ﬁ’é’.‘l GUuS,

simple geometry

Complex geometry
(wedge, inhomo;

eiry,

asvmmerry, blocks / MLC)

3, Central beam axis data - high 2% 3% 4%
high dose, low dose gradient

8,* | 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

3, Outside central beam axis region - 3% 3% 44
high dose. low dose gradient

8.%* | Outside beam edges = low dose, 30% (3%) 409 (4%) 509 (5%)
low dose gradient

RW;{ Radiological width = high dose, mm or 1% 2 mmor 1% 2 mmor 1%

*#% | high dose gradient.

8:1.50] Beam fringe = high dose, 2 mm 3 mm 3 mm

high dose gradient

Guidi - Maffei
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Treatment Planning Systems (Example Guideline)

J AAPM Report No. 62: Quality Assurance for Clinical Radiotherapy Treatment

Planning (December 1998) ¢ ) eI "'f':"f"r-?’ !

. Report of the AAPM Task Group No. 105: Issues associated with clinical o ,;"'*'A*,:E‘%Wf’“m'-‘
implementation of Monte Carlo-based photon and electron external beam treatment ) ' <
planning (2007)

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

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

J IAEA TEC-DOC No.1583: Report of the Coordinated Research Project on Development
of Procedures for Quality Assurance of Dosimetry Calculations in Radiotherapy

Commissioning and
Quality Assurance of

AR HFOAT RO &2

e Computerized Planning
Systems for Radiation
F— Treatment of Cancer
Readiistharapy Treatmen Flanning — » - — -’ s 3 — 1
Testing of Raiotheragy Treetment
Masning Systams
(uaea

Pusichise by
e A Fler s A
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Physics Modeling

(Beware of the Gold Models or pre-commissioned factory data )

EXpoTt Curves...

Profile MLC Jaws
Energy [MeV] Fluence [a.u]

0.50 0.21764

1.00 0.18478

1.50 0.07828

2.00 0.06518

A 0.05774

3.00 0.05369

3.50 0.03283

. Al
T v ARE
RESPONSIBLE

Energy Spectrum

rgy spectrum

Curves -

Type e — Measured
; — Computed

Field size [cm] Resolution 0.1 cm

Almost all of the data are imported from IDMs
Dose Normalization is adjusted based on experimental measures to fit the Gold model
The intrinsic physics model might be improved with accurate measures of the build-up.

Center position [cm]

Depth [cm]

Resolution [cm]  0.10

$SD [cm]

°

Dose [cGy]

10
Depth [cm]
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Modeling of the measures (Theory vs. Practice)

“ews computed

==== computed moasured
measured
-~ 100%
- 80%
- 0%
- 405
- 20%
o
T T T T T Ll ¥ L\J L]

-2.5-2.0-1.5-1.0-0.5 0.0 0.5 1.0 1.5 2.0 2.5%
(a) off-axis Distance (cm)

ih off-Axis Distance (cm)

------- computed

measured

180%

L} T Ls Ll v v T T T v v ol
-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 -20 -15 -10 -§ 0 5 10 15 20
(b) off-axis Distance (cm) off-Axis Distance (cm)

i -10 -5 i} 5 i0 15
off-Rxia Distanca [cm)
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MEASURE MISTAKE EFFECTS

Effect of shifting depth-ionization data measured with cylindrical chambers upstream by 0.6
r.qy 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

>

LAARA At M Auad M AAAGAAALLS MALALL AALS hatad

ﬂ
52

)

2

—

=

Sdepth-ionization
g 8 8 8 8

0 5 10 15 200123456780
depth /cm depth/cm
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SCATTER KERNEL

Figura 8.2

The summiation of dose contribution from various scatter kernels, K. () Beam keme, (b) Slab keme, () Pencil beam
kemel, (d) Point kemel. [Adapted with permission from reference [12).)

11/09/25
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Fluence vs. Dose (Water vs. Inhomogeneous)

Water _ Inhomogencous
al Lateral Position b) Lateral Positicn
=13 11 = [l =] 1 |5 -2 1 -] L -] fi 1
0 ETTITTITITTTITT T Idi!l- Trrrrrrrrrrg © QWrrrnrrnrrtTrTd ITIrrrrrrTrrTp
C Y 3 C -
¥ ERl: 1 F
: E: 1L
1 o BN 0 U
- F 1 F 1 E
E 15[ J i5F d M
f F 1 F =l
Eoaf J »E 1 E
s 1 =k £
ul-IIIIIIIIIII 111111 IIIIIIIIIII: h IIIIIIIIIIII
£l dh
allt 1] k] 1] L] 1i] 2 -5 1i] ] [ ] {i 1
U]_IIIIIIIIIII ITrrrrrtrrrrpl SErrrrrrrrrrd ITIrrrrrrTrrTp
s | =BENE 3
1 f [ 4wk =
: 1 E 1 ] 0
E usf | q sE 1 O
i F 3 . E =
& M m i = i E
st E: :
m:lllllllll] IIIIIIIIII: ;::|IIIIIIIII IIIIIIIIII:
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 Profiles

Ref Int 102/13/2020 17:11:22 F 00001 Fr. B0 N ;
[Reference] Integral 02/13/202 22 Frame ame < Signal [cGy] ) ®integral 02/23/2.
n 1 1 1 1
Vimm] 3 : / ] oc
72 | ® [Gammalndex] of
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Using a threshold of dose related to the Maximum dose = 5%

* Though of little relevance, the low dose area still might be modeled more accurately in the physics model

* The gradient appears to be calculated and delivered correctly even for high doses and small volumes (SRS/SBRT conditions)

* A Threshold of 5% is certainly very conservative, in the relevant dose ranges, dosimetry results are excellent when previously discussed

planning strategies are followed
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Only minor dose distribution differences for different dose grids

Planning (0.5 cm dose grid) vs. Final Plan Recalculated (0.3 cm dose grid)

Line Dose  Beams (Current)

Selectdose ¥ | Plan dose: Tomo_2.5_0.397 2 Tomo (CT 1) [ Plan dose: Tomo_2.5 0... [ Plan dose: Tomo_2.5_0....
/
Wy o 52

% of 5400 ¢y

0
0 1000 200 3000
Dose [cGy]

Dose axis: (@ Absolute Relativemax () Relative dose [cGy]: Volume axis: @) Relative (O Absolute

Dose Statistics ~ Clinical Goals ~ Beams e1)  Control Points (Compare 1)

BEV (Compare 1)

Leaf Open Times (Compare 1)

Position: 7.632.70 284 cm
CT: 60HU

Dose difference: 1.51% of 5321 [80] cG:

% of 5400 ¢Gy

g O 5

T
% of 5321 cGy
5

2.70 cm
Slice 70/151

Might you do not appreciate by the DVH where is localized the dose difference?
Faster does not mean necessarily accurate.
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LINAC QA and Guideline (i.e. AAPM, IEC, IAEA)

Task Group 142 report: Quality assurance of medical accelerators?
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l.e. LINAC QA

CQ-ACICELERATORI LINEARI LINAC

1. CONTROLLI GIORNALIERI .5
1.1. DOSIMEIRICI .............ccconaniisisis 52
1.1.1.  Controllo dell'output per fotoni ed elettroni 25
1.2 MEOCAINECE .. i R .6
1.2.1.  Localizzazione dei laser ed indicatore di distanza (Telemetro). .6
1.2.2. Indicatore dimensioni collimatore ................. .7
13, STCABMEETN........c.c000i00600000806s00005000s0uus08ss635 05880080805 .7
1.3.1.  Verifica del funzionamento delle sicurezze elettriche e meccaniche ... o7
1.3.2.  Interlock interruzione erogazione per |'apertura della porta del bunker. oy
1.3.3.  Sicurezza sulla chiusura della porta........cccceeeveeeeiannean =
1.3.4.  Sistemi aUdiOViSIVi......cecereeruerenurseeriecrueenees =7,
1.3:4:1:  ‘Interfono::csssnsinssis 274
1.3.4.2.  MONItON ...cevunrnnneeieeiriinnnnnnaenes el
1.3.5.  Verifica dei dispositivi di avvertimento ............. v/
1.3.5.1.  ACUSHCH coovurnnrnnnneieesriinnnnnnanns .7
153:5:2.,  ILUNMNOSE :nesnssesserissisasasnnsassnsinsisanssnnsasassasasssas .7
1.3.6.  Dispositivi di verifica specifici: SIEMENS — PRIMUS . .7
1.3.6.1.  Spia verde di RESET che segnala il vuoto oy {
1.3.6.2.  Spie gialle del modulatore 8 4
1.3.6.3.  Spie verdi di alimentazione .. .8
1.3.6.4.  Livello dell'acqua .8
1.3.6.5.  Pressione dell’acqua .8
1.3.6.6. Temperatura .......... .8
1.3.6.7.  Pressione del gas.......coevuvvuenrerincrnenns .8
1.3.6.8.  Spia verde che indica la purezza del filtro ..... .8
1.3.6.9.  Spie verdi di camera monitor e vacuum power . .8
1.3.6.10. Spia verde del filamento.........ccoceervverseerirnensnnennes .8
1.3.6.11. Spie rosse dell’'elettromagnete e del magnete di deflessione. .8
1.4. IMAGING........cccueieericirinnnnrre e ssssansnes .8
1.4.1. Posizionamento e riposizionamento ................. .8

2. CONTROLLI SETTIMANALL............... 9
2.1. DOSIMETRICI ........cccevveeriininnnnns .9
2.1.1.  Controllo dell'output per gli elettroni................ .9
2.2, GIRIEL........coumimsinnsnusnmisonsansisnsnunning .9
2:2.1: . PicketFence test.......s..xus:s¢ .9

3. CONTROLLI MENSILI................

3.1. DOSIMETRICI
3.1.1.  Controllo dell‘output per i fotoni
3.1.2.  Controllo dell‘output per gli elettroni.

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.......c...ccceueeueen.
11/09/25

3.2 ORI L L S S R .13
3:2.1. Centratura croce di campo (posuznone dellisocentro Meccanico) ......eeveveeeeeesanes 13
3.2.1.1.  Distanza Laser/telemetro/check pointer..........cccceveeuveenns ... 13
3.2.1.2.  Indicatore angoli collimatore ........ ... 14
3.2.1.3.  Indicatori posizione del lettino ........ccceeeveereercueesieesseennnes ... 14
3.2.2. Coincidenza Luce/Campo radiante... .14
3.2.3. Indicatori posizione collimatori e verlﬁca coincidenza luce/raggi (a5|mmetr|C|) 16

3.3. 22219
3.3.1.  Controllo MLC.. 219
3.3.2.  Setting dei collnmaton/lamelle ( da effettuare solo su acceleratori ELEKTA) ...... 19
3.3.3.  Picket fence test (0°, 90°, 180°, 270°) ......... ...19

3.4, IMAGING.......coiiiiiiteetrccrice e e s s sasanas ...19
3.4.1. Risoluzione spaziale, contrasto, rumore e scaling ass19

4. SEMESTRALI.. . ...20

4.1. DOSIMETRICI .. 3 ...20
4.1.1.  Accessori TBI (diodi) .. ...20

5. ANNUALI 520

5.1.  Premesse sull'utilizzo della strumentaznone ......... ...20

5.2  MIsure Relative o e i R ...20

5.3. Misure assolute . .21

5.4. Equilibrio delle camere di |on|zzaZ|one .............. .21

5.5. DOSIMETRICI ............... sss 2]
5.5.1. Dimensione del campo, flatness e snmmetna PEL i fOIONI - i icmusmsnssssissnssanassnsiss 21
5.5.2. Flatness e simmetria per gli elettroni 23
5.5.3. Calibrazione output fotoni ed elettroni (IAEA TRS- 398) ................................... 24
5.5.4.  Output factors fotoni con e senza filtro......... £
5.5.5. Output factors elettroni
5.5.6. Qualita del fascio fotoni (PDD1o 0 TPRZ°xo)

5.5.7. Qualita del fascio di elettroni (Rso €/0 Rso).....
5.5.8.  Linearita 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 rate.........
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 Gantry.. i
5.5.15. Costanza output fotoni ed elettroni off axis vs. Gantry..
5.5.16. Costanza TPR?yo in condizioni TBI ... .
5.5.17. Calibrazione output TBI
5.6. MECCANICI...................
5.6.1. Rotazione isocentrica collimatore .....
5.6.2. Rotazione isocentrica Gantry
5.6.3. Rotazione isocentrica lettino ............
5.6.4. Sag lettino.
5.7.

5.7.1.

6. Tabelle Riassuntive dei limiti di accettabilita..

Trasmissione MLC intra e inter IameIIP
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Define QA, frequency, tolerance, timing and personnel ...

TABLE IV Time, staffing, and equipment requirements for annual QA.

Procedure

Tolerance Non-IMRT/IMRT/SRS

Typical measuring
device

Time
required
(range)

Personnel

Dosimetry

Photon Flatness Change from Baseline
Photon Symmetry Change from Baseline
Electron Flatness Change from Baseline
Electron y Change from B:
Photon/Electron Output Calibration®

Spot Check of Field Size-Dependent
Output Factors for Photon (2 or more
field sizes)

Output Factors for Electron Applicators
(spot check of one applicator/energy)

Photon Beam Quality (PDD, or TMR )}
Electron Beam Quality (R;)

Physical Wedge Transmission Factor
constancy

Photon Monitor Unit Linearity (Output
Constancy)

Electron Monitor Unit Linearity (Output

Constancy)

Photon Output Constancy vs Dose Rate

Photon Qutput Constancy vs Gantry Angle

11/09/25

+1%
+1%
+1%
+1%
+ 1% (Absolute)

2% for field sizes <4 x 4 cn’;
+1% for field sizes 24 x 4 em®

+ 2% from baseline

* 1% from baseline
*1mm
2%

+2%2 5 MU + 5% (2-4) MU, £2%
25 MU £ 5% (2-4) MU, + 2%
25MU

+2%=25MU

+ 2% from clinical dose rate

+ 1% of the value acquired at
gantry 0

Large water tank
Large water tank
Large water tank
Large water tank

Smallflarge water
tank. ADCL
Calibrated
lonization
Chamber/
Electrometer

lonization
Chamber/
Electrometer,
solid phantom
or water
phantom

lonization
Chamber/
Electrometer,
solid phantom
or water
phantom

Large water tank
Large water tank

lonization
Chamber/
Electrometer,
solid phantom
or water
phantom

lonization
Chamber/
Electrometer.
2D/3-D Diode
array

60-120 min
60-120 min
60-120 min
60-120 min
120-180 min

30-60 min

60-90 min

30-60 min
60-90 min
30-60 min

30-60 min

30-60 min

30-60 min

30-90 min

QampP
QampP
QampP
QamP
QamP

QampP

QampP

QampP
QamP
QamP

QampP

QampP

QaMmP

QampP

TABLE VIl Time/Staffing/Equipment requirements for Imaging QA.

Tolerance Non-SRS/SBRT SRS/ Typical measuring Time required
Procedure SBRT device (range) Personnel
Daily
Planar kV and MV (EPID) imaging
Collision interlocks Functional NA Smin RTT
Positioning/repositioning <2 mm /<2 mm/s1 mmdayof SRS  Phantom containing 10-15min RTT
radiopaque
markers.
Imaging and treatment <2 mm/<2 mm/s1 mmdayof SRS  Phantom containing Included above. RTT
coordinate coincidence radiopaque
markers.
Cone beam CT (kV and MV)
Collision interlocks Functional NA Smin RTT
Positioning/repositioning <2 mm/<2 mm/s1 mmdayof SRS  Phantom containing 10-15 min RTT
radiopaque
markers.
Imaging and treatment <2 mm/<2 mm/s1 mmdayof SRS  Phantom containing Included above. RTT
coordinate coincidence radiopaque
markers.
Monthly
Planar MV imaging (EPID)
Imaging and treatment <2mm/<1mm Phantom containing 15-20 min QMP or
coordinate coincidence radiopaque Designee
markers.
Scaling <2mm/ <1 mm Object of known Smin QMP or
dimensions Designee
Spatial resolution 2 Baseline Manufacturer supplied ~ 5-10 min QMP or
test phantom Designee
Contrast 2 Baseline Manufacturer supplied ~ 5-10 min QMP or
test phantom Designee
Uniformity and noise 2 Baseline Manufacturer supplied  5-10 min QMP or
test phantom Designee
Planar kV imaging
Imaging and treatment <2mm/ <1 mm Phantom containing 15-20 min QMP or
coordinate coincidence radiopaque Designee
markers.
Scaling <2mm/<1 mm Object of known S min QMP or
dimensions Designee
Spatial = Baseli Manufacturer supplied  5-10 min QMP or
test phantom Designee
Contrast 2 Baseline Manufacturer supplied ~ 5-10 min QMP or
test phantom Designee
Uniformity and noise 2 Baseline Manufacturer supplied ~ 5-10 min QMP or
test phantom Designee
Cone beam CT (kV and MV)
Geometric distortion <2mm/<1 mm phantom of knownand  15-20 min QMP or
dimensions Designee
Spatial = Baseli Object of known Smin QMP or
dimensions Designee
Contrast 2 Baseline Manufacturer supplied ~ 5-10 min QMP or
test phantom Designee
HU constancy +40 HU from baseline Manufacturer supplied ~ 5-10 min QMP or
test phantom Designee

G. Guidi— 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications

33



gt Beam Matching — No.4 LINAC (6,10,15 MV FF and FFF)

I L
20 A0

0
Radius [cm]
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Application-type tolerance

Procedure non-SRS/SBR SRS/SBRT
Daily*
Planar kV and MV (EPID) imaging
Collision interlocks Functional Functional
Positioning/repositioning =2 mm =1 mm
Imaging and treatment coordinate coincidence =2 mm =1 mm
(single guntry angle)
Cone-beam CT (kV and MV)
Collision interlocks Functional Functional
Imaging and treatment coordinate coincidence =2 mm =1 mm
Positioning/repositioning =1 mm =1 mm
Monthly
Planar MV imaging (EPID)
> -
Imaging and treatment coordinate coincidence s =1 mm
(four cardinal angles)
Scaling” =2 mm =2 mm
Spatial resolution Bascline® Baseline
Contrast Bascline Baseline
Uniformity and noise Bascline Bascline
Planar KV imaging®
Imaging and treatment coordinate coincidence =2 mm =1 mm
(four cardinal angles)
Scaling =2 mm =1 mm
Spatial resolution Baseline Baseline
Contrast Bascline Baseline
Uniformity and noise Bascline Baseline
Cone-beam CT (kV and MV)
Geometric distortion =2 mm =1 mm
Spatial resolution Bascline Bascline
Contrast Bascline Baseline
HU constancy Baseline Baseline
Uniformity and noise Baseline Baseline
Annual (A)
Planar MV imaging (EPID)
Full range of travel SDD =5 mm *=5 mm
Imaging dose® Bascline Bascline
Planar KV imaging
Beam quality/energy Bascline Baseline
Imaging dose Bascline Bascline
Cone-beam CT (KV and MV)
Imaging dose Bascline Baseline

We are doing daily imaging of the patients for
setup and Adaptive RT purposes.

Which is the best QA frequency and tolerance?
What are you planning with the next
generation of Hybrid-Machine?
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SOMETIME OBJECTS AND PHANTOM CAN HELP THE WORK-LIFE

10OP PLBliSAING  Insttiune of Prasie

aard Erclnacong b Madera

FlTL2s

1 LRY-L3T CCl UL ICERDAS D

Shye. Med. Biol. 81 020

Fast Track Communication

Automating quality assurance of digital g =
linear accelerators using a radioluminescent TomoTh,
phosphor coated phantom and optical imaging H-ar P

1

il

A\

Table 2. System results compared to existing methods 3
t field/ Symmetric beams Center shift X (mm) Center shift ¥ (mm) Width difference (mm) ~ Height difference (mm) =
on alignment 2
Auto 5x5em ~0.02 £ 0,05 068 £0.11 ~0.58 ~059 £ 0.09 2
Auto 10 x 10 em 0214007 096 +0.12 063 +0.15 094+ 031 2
FC2 15 % ISem -0.19 040 —0.30 0.00 g
Asymmetric beams Difference in position (mm) 2
(X1X2.¥1,¥2) Xt X2 i 2 B
Auto (=3,4,-3.4) (cm) 023 4003 ~039 4005 ~0.26 £ 0.06 —0.95 £ 007
Jaw position indicators  Symmetric beams Width Difference (mm)  Height Difference (mm)
Auto 5xSem —0.76 £ 0.02 ~1.73£0.06
Auto 10 x 10 em ~0.46 1 0.16 ~1714£0.19
Iso-align 5% Sem 0.0 20
Iso-align 10 x 10cm 0.0 -20
s Asymmetric Difference in position (mm)
= (XLX2.Y1, X1 x2 7] v2
Auto (~3,4,-3,4) (cm) 0.06 + 0.06 0.80 + 0.03 140 = 0.16 063 +021
Iso-align ( —2.5)(cm) 0.0 1.0 10 1.0
Cross-hair centering ~ Center shift X (mm) Center shift ¥ (mm) Walkout (mm)
Auto 035 £ 003 077 001 0874012
FC-2/Is0-align —0.25 0.67 0.5
Couch position Shifts (lat.. long.) (mm) ~ Lat. (mm) Long. (mm) ¥
Auto (30,30 30.17 +025 3022 +0.15 g
Ruler (200, 300) 200.3 3004 3
Laser localization Center shift X (mm) Center shift ¥ (mm) 2
(relative to cross hairs) ]
Auto 0.19 + 30 026+0.13 2
Iso-align 025 ~0.25

Note: Summary of tests performed by the autonomous system (mean + standard deviation) and comparison to current QA techniques (shown in talics).
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gl IMAGING QA (forgot something?)

Dicom or Non-Dicom monitor for Adaptive RT?
Frequently are provided TV Conversions,
instead medical device monitor .... Might the
non-medical devices could hide some
unexpected issues

Surface tracking, robotic couch and LINAC
and Imaging device isocenter should be
aligned.

US (Ultrasound device)
Spatial alignment, repositioning and image quality

=N
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Calibration of the Output after the Upgrade

Measured IEC X Calculated Plan Calculated fraction var. % Measured IEC X Calculated Plan Calculated fraction var. %
Dose (Gy) Position (mm) Dose in ROI 0,05 cm® Dose in ROI 0,05 cm® Dose (Gy) Position (mm) Dose in ROI 0,05 cm’® Dose in ROI 0,05 cm®
1,9901 -15,0 9859 1,972 0,92 2,0353 -15.0 10076 2,0152 0,99
2,0609 60,0 10414 2,083 -1,06 2,0323 60,0 10288 20576 -1,25
, 20162 100,0 10140 2,028 -0.59 2,0047 100,0 10097 2,0194 0,73
Calculated & Delivered Dose Calculated & Delivered Dose

o
(]

—— Caicuated

Calculated

°  Measued

°  Measured

5 g

i ;

s e As e = T TR 25 200 150 100 50 0 50 100 150 200 250
Distance (mm) Distance (mm)

Relative variations were compliant with the machine Accurate  recalibration, always within  Service

7
specification requirements, but asymmetrical along the Engineering requirements, improves dosimetrical
profile.  Absolute dose was therefore more results

asymmetrical than expected (2Gy)
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Software, 3rd Part device, Brachytherapy, Other systems (i.e. example)

| Radiotherapy Network and Facility |

4D Radiation-Therapy
* Breath synch
* Beam on/off and delivery (DIBH)
*  Ramp-up of the beam-on
* Surface tracking systems
* Complete procedure after interruption
* 3DCRT
* IMRT, dMLC or Sliding Windows
* VMAT
* Radiosurgery, SBRT
* [socenter junction
* Junction of the beam and divergence
* Log files connectivity and Software analysis
* Unpredictable cases (near missing or errors)
* Connectivity with 10S
LI radiation therapy

Hub Hospital * Brachytherapy

Treatment Machine [ WL L i e .
£ s * Delivery Systems

* Positioning and accuracy
* Source calibration
* Applicator reconstruction
* Instruments
* CT/MR compatibility
* CT/MR Calculations
* Registration, Contouring
* Dose Accumulation
* Safety and Interlocks
* Monitor
* Vivo Dosimetry
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tiegnests
R  DEFINE THE BASELINE AND REPEAT FREQUENTLY (AS LOW AS REASONABLE) THE QA TEST
EXE I I KXX]
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i.e. Isocenter and MLC position (Picket, Fence) Tests
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QA on practice — Setting a baseline and comparing trends
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il TBI-Arc (Total Body Irradiation)

lTotaI Body Irradiation — Introduction ]

Clinical RT Techniques

B 3D-CRT: Direct radiation beams to conform the shape of the target.
= IMRT: Manipulation of beam to conform the target by varying intensities.

® IGRT: Incorporation of imaging techniques during treatment session.
® VMAT: Delivery of Radiation from a continuous rotation of the source.

Total Body Irradiation is a MV technique that
__ provides a uniform irradiation of the entire body.

Sweeping
M Radiotherapy Unit //\ /\\ ‘
M Bunker Size =) (Q>-l)\
M Field Size

. LF .. A-P LL Multl Field
M Patient Supports 20\

M Transmission Shield <\

[——]

= Total Body Irradiation with Modulated Arc Beam

Gutierrez, Maria Victoria
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TBI QA Programme

.-[Quallty Assurance Programme J

——> To prevent:
SCOPE of M Stress and Anxiety;
QA Program M Mistakes;

® Malfunction or defects on the dosimetry system;
B Malfunction on RT machine.

—> o evaluate:
M Internal processes and procedures are functioning;

® Human resources handle with the assigned tasks.

=

o
{ )
'p f== = S.Mediastinum

7 P— = Lungs
g ) g = > Umbilicus [
/A

] L@ Quality Assurance
4]

Valarl ATTHAY 8 doce be (8 grocen » wscita rikpetio alfostpus 4] clReazione

D e il el e
w0

e hih

03 s
T AT 3 Gon o € R TR WO 8 e
‘Mediasting Centrale

L mmmw(mmm

//)
¢/ i = :|
% 4 W | en | T o "

" ,’ %69 16,68 2
i

Measurements
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Gutierrez, Maria Victoria
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TBI QA Programme (Vivo Dosimetry)

RN R NN RN

Object Parameter to control Modality of the control
LINAC or telecobalt Dose Control of constancy
Personalize beam Attenuation of the shields Dosimetric measures
meAyfiacs Corsysi@ncy of compensators and bolus

(protection, shields,
compensators, bolus)

Positioning devices Geometric parameters (distance Metric control
from the source, height from the
pavement etc.)

In vivo dosimetry Sensitivity Calibration in terms of absorbed dose
or control relative to the response

Basic dosimetriy Dose in standard phantom Audit or external confrontation
at reference depth in TBIconditions; calibration according
to international protocols

LINAC or telecobalt OAR profiles Dosimetric measures in standard
phantom in TBI condition

LINAC or telecobalt PDD or TPR Dosimetric measures in standard
phantom in TBI condition

Treatment planning Dose in anthropomorhic phantom Dosimetric measures
system (TPS) with lung type inhomogeneity: absolute in TBI condition
values and dose distribution.

B e

In vivo dosimetry system Entrance and exit dose and algorithm  Dosimetric measures
of calculation at half thickness in TBI condition

0
s
5
C =I= n
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. QA FOR TREATMENT MACHINE USING EPID

Table 2

location of comparison

{ |\ EPID:
f \ - portal dosimetry
f \ -20D

patient or phantom:

- dosa recanstruction
\ | \ -200r3D

\ " I» /l ‘\ ‘

EPID EPID

non-iransmission non-transmission transmission
pre-treatment during treatment

pre- & during treatment

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 [84], 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 (eaf position duning dynamic
Chang [88] treatment

How do you support a No-Coplanar beam using EPID/CBCT?
Why do we not support the transit dosimetry for those patients?
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I.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
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 No No Yes Yes No No Yes Yes
phantom or patient
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...DURING THE COMMISSIONING YOU NEED TO VERIFY THE TOLERANCE....

..... AND DEFINE THE FUTURE BASELINE

The NCS report nas been downioaded on 23 Mar 2017

Code of Practice for the Quality Assurance and Control
for Volumetric Modulated Arc Therapy

NEDERLANDSE COMMISSIE VOOR STRALINGSDOSIMETRIE

Report 24 of the Netherlands C: ion on Radiation Dosil y
February 2015
400
30|
300
250
3
- 200
8
150
100
50
VMAT MACHINE
0 1 1 1 1
e ann aen Ann Aen Ann
Cone 10 mm Field Width
0 ~—— 15mm Calculated
50mm Calculated
FFF MACHINE - o o
——— 200mm Calculated
15mm Measured
N e 50mm Measurod
100mm Measured
g 150mm Measured
2 200mm Measured
H /
| B
-300 -200 -100 o 100 200 300
Distance (mm)

11/09/25

Lleploqo misure esequite con 2DArray in Solido (RW3) e Octavius

Local

%

Selected

s

Teaica Fantoccio  Piano

NeFascio/Ganry
fogle

TRT_| Ot

IRT

IMRT
L
IMRT

IRT_| Ot

TR O

IRT

IMRT

T

a0 W

a

n

¢ | =

LAShinnsuad hamans s ian inanay]
I R T A

" m

@ Mmoo

AGREEMENT TPS-PLAN-DELIVERY

What can happen if the instruments are not calibrated
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ALTERNATIVE - INDEPENDENT REAL-TIME BEAM MONITOR SYSTEM

3¢

Treatment Planning Record and Linac Control
System Venfy System System

|_ - (Rckgm|

Pl

Bluetooth
| IQM Database | QM Transceiver
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- Applications

ourtesy of Andrew Jongho Jung Princess Margaret Cancer Centre (Toronto,

~

o]}
Chamber

Linear
Accelerator

Possible QA of the LINAC
Pre-Treatment QA activities
Error prevention instead of error
management

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
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Prostate gland

Catheter

Ultrasound probe
Rectum

Cancer Research UK

Table 1.1 Type and number of accidents reported in brachytherapy treatments (see IAEA 2000).

Accident caused by Number of cases

Dose calculation error
Error in quantities and units
Incorrect source strength
Equipment failure

Other

— g =N

Total
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Brachytherapy QA

Home | Directory | Career Services |

h AMERICAN ASSOCIATION

?V of PHYSICISTS IN MEDICINE

Improving Health

Trough Medicalphyscs  PUBLICATIONS

HEREN

Login WHAT DOES A **RETIRED** AAPM REPORT MEAN?

AAPM
Search for a report: | Brachytherapy | Show All | Show All Tabular | Explore by committee?

Public & Media
Intemational Report
Medical Physicist 3778
Membership
Students 6377
.
Meetings
Educafion
267
Quoiity & Safety
Government Affairs 6257
) Publications
Medical Physics Report
Joumnal 37
Joumal of Applied
Clinical Medical
i WGDCAB
Physics
Newsletter
WPSC Newslefter o
e-News 3n
Research Spotlight
Physics Todoy G377
CT Protocols

MRI Homogeneity Report

Testing Resources @ 303

Medical Physics

Practice Guidelines To

Radiation and

11/09/25

2024

AAPM BTSC Report 377.B: Physicist brachytherapy training in 2022 - A survey of
therapeutic medical physics residents

'Brachytherapy' found in Title, Summary, Committee/Notes, Keywords

2004
AAPM Task Group Report 267: A joint AAPM GEC-ESTRO report on biophysical models
and tools for the planning and evaluation of brachytherapy

'Brachytherapy’ found in Title, Summary, Committee/Notes, Keywords

208
AAPM WGDCAB Report 372: A joint AAPM, ESTRO, ABG, and ABS report on
commissioning of model-based dose calculation algorithms in brachytherapy

'Brachytherapy' found in Title, Summary, Committee/Notes, Keywords

03
AAPM BTSC Report 377: Physicist Brachytherapy Training in 2021—A survey of
therapeutic medical physics residency program directors

found in Title, Commit Keywords

2022
AAPM task group report 303 endorsed by the ABS: MRI implementation in HDR
brachytherapy—Considerations from simulation to treatment

'Brachytherapy found in Title, Summary, Committee/Notes, Keywords

Quality Control of Brachytherapy Equipment,

2004 (ESTRO)
Description Minimum requirements
Test frequency ~ Action level
Safety systems
Warning lights dailyIM"
Room monitor dailyM"
Communication equipment daily3M’
Emergency stop M
Treatment interrupt M
Door interlock M
Power loss M
Applicator and catheter attachment 6M
Obstructed catheter M
Integrity of transfer tubes and applicators M
Timer termination daily
Contamination test A
Leakage radiation A
Emergency equipment (forceps, emergency safe, daily3M’
survey meter)
Practising emergency procedures A
Hand crank functioning A
Hand held monitor IMA"
Physical parameters
Source calibration SE >5%
Source position daily3M’ >2 mm
Length of treatment tubes A >l mm
Irradiation timer A >l %
Date, time and source strength in treatment unit daily
Transit time effect A
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CONCEPT — Take Home Messages

Expert Brainstorming- Multiple-criteria decision

Wrong Workflow or Healthcare Model — Error investigation Results: Simplify and prevent accident
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Take Home Messages

Organization of the Quality System in Radiotherapy

* Vision of the process and service provided

Codified structure and responsibility

* Documentary collection, training and performance monitoring
* Detail of the operating instructions

* Sustainable and viable organizational models

* Improvement actions, Audits and Reviews

* Awareness of the quality of work and information support available

Risks of miss-interpretation of QA Programme

* Implementation and description of impractical or unsustainable processes
* Detailed but unreliable walkthrough description (Review)

* Inconsistency between «Best-Practice» and «Clinical-Practice»

» Useless production of documents with staff repulsion to correct use

* Lack of awareness of the quality of work
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SERVIZIO SANITARIO REGIONALE
EMILIA-ROMAGNA

Azienda Ospedaliero - Universitaria di Modena

“That’s too muchl!!1”

(Praha 2009)




