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Quality Audit

Definition :

> a systematic and independent examination to determine whether or not quality activities and
results comply with planned arrangements and

o whether or not the arrangements are implemented effectively and
° are suitable to achieve the stated objectives.

Quality Audit Parameters
o Can be conducted for internal or external purposes.

o Can be applied at any level of a QA program.

> Are performed by personnel not directly responsible for the areas being audited, however in
cooperative discussion with the responsible personnel.

o Must be against pre-determined standards, linked to those that the QA program is trying to
achieve.

o Evaluate the need for improvement or corrective action if those standards are not met.

Podgorsak (2005)




Quality in RT

e How is it done??

e Local expertise g o e s

12ave W60

MEDICAL PHYSICS

e National/international guidance

AAPM Task Group 198 Report: An implementation guide
for TG 142 quality assurance of medical accelerators

e Calibration CoP p—

e QA guidance MEch ALEHZ&CS

Quality assurance in

Task group report @ Free Access radiotherapy
Task Group 142 report: Quality assurance of medical
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Where might the discrepancies lie? (FMEA)

e Calibration e OQuput eg gantry/dose rate

e TPS model eg TMR/PDD, OAF, OF, « MLC positions/sequences

small fields :
e Couch/other attenuation

* TPS algorithm eg high/low density | density to HU / heterogeneities

¢ Incorrect MU

Medical Physics

e Linac isocentre

Med Phys. 2016 Jul; 43(7): 4209-4262. PMCID: PMC4985013
H Published online 2016 Jun 15. doi: 10.1118/1 4947547 PMID: 27370140
* TPS isocentre
The report of Task Group 100 of the AAPM: Application of risk analysis methods to
P Set u p radiation therapy quality management
M. Saiful Hug®

Department of Radiation Oncology, University of Pittsburgh Cancer Institute and UPMC CancerCenter, Pittsburgh,

g QA issues eg Pennsylvania 15232
flatness/symmetry/energy Benesick A Frazss

Department of Radiation Oncology, Cedars-Sinai Medical Center, Los Angeles, California 90048

Peter B Dunscombe

Department of Oncology, University of Calgary, Calgary T2N 1N4 Canada




Inherent limitations to TPS accuracy

**Pencil beam algorithms not accurate v Kry et al, IJROBP 2013
in heterogeneous anatomy

v'Banned from north American clinical
trials for more than a decade

3% error beyond lung associated with
AAA

v'Dunn et al, Physica Medica 2015

**» Even modern algorithms not perfect
8 P **Small field conditions

“*Not accurate near metal interfacesor v 7+9% errors for 10mm MLC gap

at surface because tongue and groove not well
“*Errors even present for dose modeled
calculation in/through lung v'Hernandez et al, PMB 2017

v'3.7% overestimation of dose for S/C
algorithms in island lung tumors

Courtesy of Clark




Suboptimal commissioning

***Reference output between TPS and match is
linac must match

v'Possible to enter reference
incorrectly into TPS

v"Means linac must be correctly
calibrated

** Non-dosimetry parameters must be
correct

v'"MLC, source terms, etc in TPS must
describe linac

“*How well are these steps done in

“*Basic dosimetric data must be correct .ot radiotherapy?

v'PDD, OF, etc. for TPS and linac must
match “*How much does this affect clinical

v'Choices are made about how good dose delivery

Courtesy of Clark




AN INTERNATIONAL JOURNAL OF RADIOLOGY,
RADIATION ONCOLOGY AND ALL RELATED SCIENCES

Radiotherapy dosimetry audit seMT | _suBscrise
Br J Radiol. November 2015; 88(1055): 20150251. PMCID: PMC4743452
Published online 2015 Sep 28. PMID: 26329469

doi: 10.1259/bjr.20150251

Dosimetry audit plays an important role Radiotherapy dosimetry audit: three

in the development and safety of decades of improving standards and
radiothera py accuracy in UK clinical practice and trials
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Dosimetry ACDS Detector type n Mode  System Comments

level checked
Level I Output under TLD, OSL Remote Every Identical to RPC audit
reference conditions radiation
beam
Level IB  Output under Ionization On-site Every Offered to new centres prior to
reference conditions chamber radiation  opening
beam
Level I Dose distribution in  Detector array Remote Planning  Can include homogeneity and
physical phantoms system allows clarification of Level III
findings
Level [l  Anthropomorphic Ion chamber, On-site Entire Treatment specific—most relevant
phantom end to end radiochromic treatment  for clinical trials
film chain




Why is dosimetry audit useful?

“*Important role in the development and safety of radiotherapy

“**Helps reduce delivered dose variability both nationally and in many
multiinstitutional trials (often mandatory)

“*Financial incentives: if you can’t prove you are safe and accurate you may not
“*be engaged to provide radiotherapy

**National and large scale audits are able to set, maintain and improve
“*standards, as well as having the potential to identify issues which may cause

“*harm to patients, thus improving quality

Courtesy of Clark




What is the impact of dosimetry audit?

**Issues identified (with sufficient data)
“*Knowledge of what is best from equipment
**Confidence in (new) techniques

**Leading to:
**Consistency
**Reduced variability
**Raised standards
“*Increased quality

Courtesy of Clark




How dosimetry audit supports best practice

» Implementation of novel and complex techniques

» Provides independent check of local approaches

» Facilitates awareness and understanding of issues which may exist
»Shares experience

»Benchmarks centres with similar equipment

»Increases knowledge of what is achievable

Courtesy of Clark




How to maximise the impact of audit?

IConsider issues are most likely to occur or introduce the largest errors and
design the audit to address these

JIWhat are the best approaches to multicentre audit: remote audit vs site visit?
ICollect local data?

IFor new technologies do we need end-to-end tests or specific tests for specific
goals — can we assume that the holistic approach is correct i.e. all’s well that
ends well?

JHow does the audit and the tolerances used impact on patient clinical

outcome?

e — 0 01| o {1\ o) f O] F-] 4 —




Global dosimetry audit services

International Clinical Trial QA

» |JAEA /| WHO « UK « EORTC
* 140 Countries « Japan « |IROC
» Australia + JCOG
* IROC * Brazil « RTTQA
» North America « EU *» TROG
» >15000 beams per year * Belgium,
» 60 countries « Czech Republic * Collaboration
« Complex treatments * Finland, * Harmonization of Trial QA
 France, * Improve QA in RT
« EQUAL ESTRO » Greece,
» 40 countries « Germany,
* EU region » Switzerland,
» >800 beams per year » Netherlands,
» Norway,
 Poland,
» Slovakia.

1. 1zewska et al, Physics and Imaging in Radiation Oncology, 2018..




IAEA methodology for dosimetry audits § e

Remote audits (TLD/RPLD, film) On-site audits (IC, film)

Joanna et.al.

https://humanhealth.iaea.o
rg/HHW/RadiationOncolog
y/ICARO2/

Reference dosimetry, beam parameters and end-to-end audits




IAEA’s Postal Dosimetry Audit

The importance of an independent dosimetry audit in radiotherapy was recognized
by the IAEA as long ago as 1969 when, in collaboration with the World Health
Organization (WHO), the postal dosimetry audit programme was initiated.

=~ http://www-naweb.iaea.org/nahu/DMRP/tld.html



http://www-naweb.iaea.org/nahu/DMRP/tld.html

IAEA’S POSTAL DOSIMETRY AUDIT

On request, and with approval, the IAEA will send you a number of TLD capsules, together with
appropriate holders and detailed instructions for use to a participating centre.

]

AIignmehi

Ef Field size

http://www-
naweb.iaea.org/nahu/DMRP/tldforms.html#video



http://www-naweb.iaea.org/nahu/DMRP/tldforms.html#video
http://www-naweb.iaea.org/nahu/DMRP/tldforms.html#video

JAEA’S POSTAL DOSIMETRY AUDIT (2016)

How many centres participate in this programme?

Since 1969 the IAEA Dosimetry Laboratory has provided dosimetry audits to 2,200
radiotherapy centres in 132 countries. This required 11,500 sets of TLDs.
" AF

= WP 5%
17%

= AM
32%

25% 10%




|AEA’S POSTAL DOSIMETRY AUDIT

And how many beams are checked?

B Linac
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D(TLD)/D(stat)
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n 9 o Joanna et.al.

o A
2015-2016: N=1192, m=1.003, SD=0.062, 96% res. within 5% limit
ﬂu'q' 1 1 1 1 1 1 I I 1 1 II 1
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beam check nr
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Currently >95% of the results are within 5% acceptance limit B ——————— —— — — ——




Some Developments

IAEA organized some projects in Dosimetry Audit

o Remote Audit Small Field (Algeria, Brazil, China, Cuba, Czech Rep., India, Poland, Thailand; Austria, Belgium,
Finland, Sweden, UK, USA)

° Remote Audit in IMRT
o Dosimetry Audit in Brachytherapy (New)

IAEA support TPS Audit in Europe




RPZ MD Anderson Experiences ( 2011)

Monitoring 1888 inst. participating in clinical trials -
includes 210 non-North American sites

41 countries (since 2006 459 e b A TS S
~23,000 beams = A ’}%, o5\
- ~3500 machines ‘ °© T / w@@? os
M - r“" N O
g ¥ "" \u" &,‘\s ;
i, | ST WK b
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AL AN
. . e .
David Followill et al. \ \ \ Ve / /7'/
https://iroc.mdanderson.org/RPC/Publications/R .
PC_Presentations/2016 WW
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Components of RPC QA Program

1. Remote audits of machine output

1,888 institutions, ~14,000 beams measured with TLD and
OSLD in North America and Internationally

2. Patient Treatment record reviews

474 charts reviewed for GOG, NSABP, NCCTG, RTOG
(brachytherapy)

3. On-site dosimetry reviews

41 institutions visited in 2011
(~150 accelerators/450 beams measured)

4. Credentialing - Phantoms
~500 irradiations in 2011




RPC Vertification of Institutions’
Delivery of Tumor Dose

Reference calibration 4_ Evaluated by
(NIST traceable) RPC Dosimeters

X

Correction Factors: \
Field size & shape
Evaluated by
Depth of target  <fmmm ppc yisits and
Transmission factors chart review
Treatment time /

'

Evaluated by
Tumor Dose == oo 1o oms



OSLD/TLD Beam Output Checks

25.0
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Audit Outside Criteria
=
o

Percent of Institutions with a TLD Beam

0.0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Year
Rec MD Anderson .
W i it 3-4% of the beams require a repeat




Comprehensive On-Site Audits

BEAM CALIBRATION
RPC Onsite Visits

/N

100%

REVL Y VAR A
R\ =
r

/ TG-21

Implementation
80% TG-51
Implementation

Percent within 3% Criterion

75% T I I I I I I
1975 1980 1985 1990 1995 2000 2005 2010

YEAR

Rp
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Radiological Physics Center




3 FNCA Study = =

Multicentre dose audit for clinical trials of radiation
therapy in Asia

Hideyuki Mizuno', Shlgekazu Fukuda' Aluﬁnm Fukumura' )
Yuzuru-Kutsutani Nakamura', Cao ]1anpmg Chul Koo Cho?,
Nana Supriana*, To Anh DungS Mma.m Joy Calaguas CR Beena Devi’,
Yaowalak Chansnlpa Parvin Akhter Banu’ Masooma Riaz'",
Surya Esentayeva'', Shingo Kata:nr12 Kumiko Karasawa and Hirohiko Tsujii'

https://www.fnca.mext.go.jp/english/mu/

e_papers.htmi Fig. 1. (a) RGD element with ID number ‘100". (b) Central
part of a solid phantom containing 3 RGD elements. The
interval between each element is 1 cm. (¢) The central part
of the solid phantom is inserted in the 30 X 30 cm solid
phantom to irradiate the RGDs at reference conditions.




FNCA Study

Table 2. Summary of the results of the dose andit

Multicentre dose audit for clinical trials of radiation Beam = Numberof — Average deviation S-D. of the
' - energy beams deviation
therapy in Asia MV : i
Hideyuki Mizuno', Shigekazu Fukuda', Akifumi Fukumura',
& MV 22 + 0.4% (— 1.6 to +3.5%) 1.4%

Yuzuru-Kutsutani Nakamura', Cao Jianpingz, Chul-Koo Cho?,
Nana Supriana4, To Anh DungS , Miriam Joy Calaguasﬁ, C.R. Beena Devi’/, — 10 MV 11 4+ 1.0% (—1.4% to +6.1%) 2.0% 3

Yaowalak Chansilpaﬁ, Parvin Akhter Banu’, Masooma Riaz'®,

. . R 15 MV =L 1% (=1 1.4% %

Surya Esentayeva'', Shingo Kato'?, Kumiko Karasawa" and Hirohiko Tsujii' 3 7 0.1% (—1.8 to -+14%) 0.8
18 MV 3 + 1.0% (0.1 to +1.5%) 0.8%
Total 46 +0.4% 1.5%

“The average deviation of the 10 MW beams s redoced o 404% if the beam
with the largest deviation (#6.0%) s cxcloded. The rosalts were categorized

accarding o their beam energies.

18 7

16 +
Average 0.4%
5D 1.5%

: I
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ACDS Audit Program Overview

Mew Linac

Level Ib Year1
Lewel I

before first patient
end-io-end anatomic
TR5-398 \

renew
service

@ee ment

Year 3

Lewal 1l

(ﬁlah geometry

4-year audit cycle
Fee for service
Full cost recovery
Not subsidised

Courtesy of Andrew




Level |

* Level |
* OSLD mailout
* IROC MoU of equivalence

* Levellb

* Dose to water
* TRS-398
*  Farmer® pTw 30013 photons
*  R0OS® PTW 34001 electrons

*  Small field output factors
* TRS-483

. microDiamond pTw 60019

Courtesy of Andrew




Level Il IMRT and VMAT

3DCRT ik
10 Cases, Gantry O
= | Y ’ -~

“C Shape” “Chair” “Four L”

TG119 test shape Van Esch et al. 4 nested L shapes
With/without lung Sliding window Static delivery

* 2D measurement single plane
. CIRS Plastic Water®
. Lung equivalent insert (5 cm)
+  PTW OCTAVIUS® 1500~

Courtesy of Andrew




Level lll IMRT and VMAT

3DCRT

“C Shape” “Complex Case”
TG119 test shape 2 adjoining PTVs
With/without lung With lung

* CIRS thorax phantom (Anne)
* Lung & Bone equivalent inserts

* PTW 30013 (3DCRT)

* |BA CC13 (IMRT/VMAT)

* Gafchromic™ EBT-3 (SABR) SABR
* PTW 60019 (SABR)

Soft Tissue Lung

Courtesy of Andrew




ACDS audit development and delivery

&0 300

LI s LD

I Ll I L

50 . Additional —T ot a audits 250

 Total machines AMNZ T otal faciities ANZ

g 2
30 ff ; §f é; . 150
L Q"
20 s 'éé;g‘ J “_’ I 100
/" g | ‘ /
10 ' | 50
o Al I 0

2010/11 2011712 201213 2013/14 2004/15 2015/16  2016/17  2017/18  2018/19 2019/20 2020/21  2021/22
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El SEVIER journal homepage: www.elsevier.com/locate/radphyschem

Dosimetry audits and intercomparisons in radiotherapy: A Malaysian profile = )
Noramaliza M. Noor™*, A. Nisbet™, M. Hussein®, Sarene Chu §°, T. Kadni®, N. Abdullah®, Sl
D.A. Bradley™"

I\/Ia |aVW A Department of Irugging, Focwlly of Medicine and Health Sciences, Universiti Puira Malaysio, UPM, 434600 Serdang, Selangor, Mualaysia

" Department of Physics, University of Surrey, Guildford, Swrey, GU4 8JU, UK
© Department of Medicel Physics, St Lakes Cocer Cendre, The Royol Swrrey Counly Hospiol NFS Troast, Edgeramn Bood, Guildford GU2 7XX, UK

expe rie n Ce & Ministry of Health Mabaysia, Fngineering Services Division, Level 2 5, Block 6, Pareel E. Precinct 1, Federal Government Adminisirotive Centre, 62590 Pulrujyn.
Miclnysia

© Recondiery Standard Desimetry Loboneiory Molaysio, Moloysion Nedeoar Ageacy, Baegl, 4500 Kigjong, Selangor, Mooy
¥ Bunway University, nstitiete for Health Core Developement, Jalan Universiti, 46150, PJ, Molaysio

ARTICLE INFO ABSTRACT

Keywaord: Cuality awndits and intercomparisons are important in ensuring control of processes in any system of endeawvour.

Quality audit Present interest is in control of dosimetry in teletherapy, there being a need to assess the extent to which there is

Innterenmirision consistent radiation dose delivery to the patient. In this study we review significant factors that impact upon

Raslivitheripy radiotherapy dosimetry, focusing upon the example situation of radiotherapy delivery in Malaysia, examining

::;:;? cxisting literature in support of such efforts. A number of recommendations are made to provide for increased
quality assurance and control. In addition to this study, the first level of intercomparison audit e, measuring
beam output under reference conditions at eight sclected Malaysian radiotherapy centres is checked; use being
made of 9 pm core diameter Ge-doped silica fibres (Ge-9 pm). The resulis of Malaysian Secondary Standard
Dosimetry Laboratory (5501 participation in the TAEA/SNHO TLD postal dose audit services during the period
between 20011 and 2015 will also been discussed. In conclusion, following review of the development of
dosimetry awdits and the conduct of one such exercise in Malaysia, it is apparent that regular periodic
radiotherapy andits and intercomparizon programmes should be strongly supported and implemented world-
wide. The programmes to-date demonstrate these o be a good indicator of errors and of consistency between
centres. A total of ei + ght beams have been checked in eight Malaysian radiotherapy centres. One out of the
cight beams checked produced an unacceptable deviation; this was found to be due to unfamiliarity with the
irradiation procedures. Frior to a repeat measurcment, the mean ratio of measured o quoted dose was found o
be 0,99 with standard deviation of 3%, Subsequent to the repeat measurement, the mean distribution was 1,00,
and the standard deviation was 1.3%.




Table 1
Ressults of TLD measurensents lor Co-60 amd high energy photons in the TAEAWHO TLD
Postal Dose Queality Audil Tor Malaysian S5DI.

Radiation Year of S5 TAEA A (%)" Ralio®
quality participation slated messn
dose (Gy)  dose (Gy)
125 Mel 2009 205 2105 —i0.2 1.00
b 2010 106 212 —245 1.03
2014 200 21 —i.4 1.00
D). T
Ge-doped optical 6 MY X-rays 2011 20z 2 0.6 .99
fibres capsule 2013 201 L | P —i.4 1.00
2016 200 2. 0.y 1.00
10 MY X-rays 2012 20z 2.k 0.y 1.00
2015 203 2105 -1.2 1.01

* Percenlage deviation relative 1o TAEA measured dose = 100x {User stabsd dise — TAEA
prsesan o TAES mwean dose

h .
Fig. 2. a) Ge doped optical fibres holder and constituent support parts; b) Schemsatic of Raslio = LAEA mean dose,/User stated dose.
assemble holder with the Ge doped fibres capsule for Ge doped irradiation.




6

Indonesia

°Trial — research Study

**Output Calibration
**End-to-end study for IMRT follow TG119 : 2D dose

°Nuclear Regulatory Agency

» Technical document preparation
»Stakeholders: Indonesian Association of Physicists in Medicine




Audit Output Linac: Point Dose

Linac lonization
Li E MV
Code HEE Chamber nergy (MV)

Varian Clinac iX IBAFC 65 G 6 and 10
Varian Trilogy IBAFC65 G 6 and 10
Varian Trilogy IBAFC65 G 6 and 10

Elekta Versa HD IBAFC 65 G 6 and 10

Varian Trilogy IBAIC70 Farmer 6and 10

Varian Trilogy IBAIC70 Farmer 6 and 10
PTW 30013

*-_-------

v Elekta Versa HD 6 and 10
10 eml% 10 cm Farmer
PTW 30013
et Varian Unique 6
Farmer

Minimal 30 cm



T—- & 6 MV-TLD ] B G MV -This Study
4 & 10 MV-TLD ¥ 6MV-1AEA
5 - L 6 MV - ion chamber 5 4 B 10 MV - This Study
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4 4 4
Y
2 ] 2]
14 n v | |
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-2 ] * ¢ ¢ * 2 -
P P S
-4 ] -4
e T e el - 5%
-5 - -5 4
-7
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1 2 3 4a 4b 4c 5 6 2 3 5
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Audit Output Linac: Planar Dose

c353REBES

$3s885y

33

CT Simulator Treatment Planning Measurement2D Gamma Index

System (Planar) Evaluation
Methods




N

Multi target Prostate

3 target structures: cylindrical with diameter PTV ellipses, rectum and Bladder as OAR
4 cm and length 4 cm.

PTV and 2 OAR : parotid left and parotid PTV with C -shape



2. Radiotherapy Plan

* Multitarget Test * Prostate Test . 'I::sid and Neck C (C Shape) Test
7 gantry angle with 7gantry angle with Two Plans :
interval 50°. Total dose interval 50°. Total 9 gantry angle with '
prescription is 50Gy (2 dose prescription is  interval 40°. Total (C;'easy shape : D10% < 25
Gy/fraction, 25 80Gy (2 Gy/fraction, dose prescription '
fraction). 40 fraction). is 50 Gy (2 Cdifficult shape : D10% <
Gy/fraction, 25 106y
fraction). 9 gantry angle with

interval 40°. Total dose
prescription 50 Gy (2
Gy/fraction, 25 fraction).




Gamma Index Analysis
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2. Prostate Test

Gamma pass rate (% points)
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1. Multitarget Test

All centers obtained a passing rate above
action level which is defined by AAPM TG-119
dan Crowe at al, 2016
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40
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All centers obtained a passing rate above action level m LoTO% LOTS% @ LDT0% LoT20% K LT 30%
which is defined by AAPM TG-119 dan Crowe at al, 3. Kasus Uji Kepala dan Leher
2016

Center 5 memiliki nilai passing rate melewati batas toleransi:

-Pada kriteria 2%/3 mm Eada LDT 10%, 20% dan 30%
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Conclusion

**|AEA and RPC have success story for development of
dose audit in radiotherapy

“*Some voluntary study have been conducted in regional
or national level

“*The implementation of national dose audit needs a
regulation by national authority

“*The improvement of audit dosimetry methods is
needed and depend on the radiotherapy development
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