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Learning Objectives

A To understand IMRT/VMAT commissioning
and QA

A To be ab

too

S and

A To be ab

e to describe available measurement
analysis technique

e to describe the limitations of each

techniqgue and future directions



Commissioning

AIMRT and VMAT can be available usually with
minor hardware and software upgrades

A Validation can be challenging

A Commissioning is require for both planning
and delivery to make sure planned doses can
be delivered accurately



IMRT/VMATC MLC tests

il

Chui CS$pirouS,LoSassad. Testing of dynamic
multileaf collimation. Med Phys. 1996;23:635
641

A Additional MLC
tests may be
required
Dosimetry
I Leaf gap
I Transmission
Mechanical
I Speed
I Positioning
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Figure 1. Schematic diagram of the tongoe-and-groove effect inan MLC. (2) The design of the
MLC tongue and groove is to reduce inter-beaf leakage. (bj-{d) Schematic diagrams of two fields
and their superpasition defined by two adjacent leaves. The region centred between two leavesin
{d) is underdosed.

From Deng et al. The MLC tongared-groove

FromShendeet al. Reports of Practical Oncology & Radiotherapy  gffect on IMRT dose distributions. Phys. Med.
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Inter- and Intraleaf Leakage
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collimation system used in the dynamic mode for implementing intensity
modulated radiotherapy. Med Phys. 1998:25: 191187
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PHYSICS CONTRIBUTION

COMMISSIONING AND QUALITY ASSURANCE OF RAPIDARC RADIOTHERAPY
DELIVERY SYSTEM

C. Currron Lvg, P][.D.,*J' PENGPENG ZHANG, P][._I‘.'-‘.,’r YVES ARCHAMBAULT, M.Sc.,*
Jirl Bocanek, M.Sc.,* Grace Tang, M.PHIL.,” anp Tuomas LoSasso, Pu.D.'

*W¥arian Medical Systems, Palo Alto, CA: "Memorial Sloan-Kettering Cancer Center, New York, NY:
and * University of Maryland, Baltimore, MD

Purpose: The Varian RapidArc is a system for intensitv-modulated radiotherapy (IMRT) treatment planning and
delivery. RapidArc incorporates capabilities such as variable dose-rate, variable gantry speed, and accorate and
fast dynamic multileaf collimators (DMLC), to optimize dose conformality, delivery efficiency, accuracy and re-
liability. We developed RapidArc system commissioning and guality assurance ((QA) procedures.

Methods and Materials: Tests have been desipned that evalnate RapidArc performance in a stepwise manner. First,
the accuracy of DMLC position during gantry rotation is examined. Second, the ability to vary and control the
dose-rate and pantry speed is evaluated. Third, the combined use of variable DML C speed and dose-rate is studied.
Results: Adapting the picket fence test for RapidArc, we compared the patterns obtained with stationary gantry
and in RapidArc mode, and showed that the effect of gantry rotation on leaf accuracy was minimal { =0.2 mm). We
then combine different dose-rates (111-600 MU/min), gantry speeds (5.5-4.3°/s), and gantrv range (Af = 90-12.9")
to give the same dose to seven parts of a film. When normalized to a corresponding open field (to account for flat-
ness and asvmmetry), the dose of the seven portions show good agreement, with a mean deviation of L7 %. In as-
sessing DMLC speed (0.46, 0.92, 1.84, and 2.76 cm/s) during RapidArc, the analvsis of designed radiation pattern
indicates good agreement, with a mean deviation of 0.4 %.

Conclusions: The results of these tests provide strong evidence that DMLC movement, variable dose-rates and
gantiry speeds can be precisely controlled during RapidAre. 2 2008 Elsevier Inc.

RapidArc, Commissioning, (QA.



Accuracy of MLC DurimppidArc

Image of a film that was
exposed twice to the 1-
mm-wide picket fence
pattern, once at
stationary gantry angle
and a second time in
RapidArc mode.

Ling et al. InternationalJ our nal of Radi ation Oncology A Biology A Physics

Volume 72, Issue 2, Pages 575-581 (October 2008)
Copyright © 2008 Elsevier Inc._ Terms and Conditions
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Intentional Leaf Positioning Errors

A film exposed to the 1-mm-wide picket
: , Copyright © 2008 Elsevier Inc. Terms and Conditions f en C_ e p a t t ern Wi t h
ELSEVIER fence width and position.
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ADbility to vary Dose Rate and
Gantry Speed

- Copyright © 2008 Elsevier Inc. Terms and Conditions

Film exposed to a RapidArc QA plan,
combining different dose-rates, gantry
ranges, and gantry speeds, to give the
same monitor unit (MU) to the different
parts of the field.


http://www.elsevier.com/termsandconditions

MLC Tests for VMAT

RapidArc® MLC

Test 0.1: dMLC Dosimetry

Test 0.2: Picket Fence Test vs. Gantry Angle

Test 1.1: Picket Fence Test during RapidArc®

Test 1.2: Picket Fence Test during RapidArc® with Intentional Errors

Test 2: Accurate Control of Dose Rate and Gantry Speed during RapidArc® Delivery
Test 3: Accurate Control of Leaf Speed during Rapidarc® Delivery
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AAPM REPORTS & DOCUMENTS WILEY

AAPM Medical Physics Practice Guideline 8.a.: Linear
accelerator performance tests

Koren Smith! | Peter Balter? | John Duhon® | Gerald A. White Jr.* | David L.
Vassy Jr.> | Robin A. Miller® | Christopher F. Serago’ | Lynne A. Fairobent®

D5 Dynamic delivery control

Volumetric modulated arc therapy (VMAT) and sliding window techniques are types of
dynamic deliveries routinely used that require the synchronization of the dose rate with
Recommended other dynamic components of the machine. To produce a dynamic delivery, some
Monthly combination of multileaf collimator (MLC) position, MLC leaf speed, dose rate, and gantry
speed and position are varied throughout the treatment. Patient-specific QA may not test
the full range of these parameters, therefore, a monthly test of each of the dynamic control
components used clinically is recommended. Tests have been designed to ensure the
machine control of the individual dynamic components or to test them in combination by
varying one dynamic control against another. Varian Medical Systems provides a series of
tests for dynamic delivery along with the Digital Imaging and Communications in Medicine
(DICOM) plans needed to execute them and spreadsheets to help with the analysis. In these
tests, the gantry speed is varied against the dose rate control in one test and the MLC speed
is varied against the dose rate control in another. Elekta provides similar tests at the time of
acceptance. Or the user may design their own fields to test the different elements. With this



IMRT/VMAT CommissioniRg PS

A AAPM MPPG 5a recommends the following
tests

A VMAT, Segmental IMRT, and Dynamic IMRT
need to be validated separately

I

1 Verifysmall field PDD <2x2cm2MLC shaped
2 Outputfor small MLC defined Small MLC defined segments
field
3 AAPM TEL19 tests Plan,measure and compare benchmark cases
4 Clinical tests Plan,measure and compare representative clinic
cases
5 ExternalReview Sim plan,and treat anthropomorphic phantom

From AAPM MPPG 5a. Journal of Applied Clinical Medical Physics, Vol. 16, No. 5, 201!



Tape 7. VMAT/IMET test summary.

Test Chjective

Description (example)

Detecior

< 2x2 em* MLC shaped
field, with PDD acquired at
a clinically relevant 55D

7.1 Verify small field PDD

Use small square and

7.2 Verify output for small S;Zﬁ?mﬁéﬂﬁfm
MLC-defined fields at a clinically relevant
depth for each®

Plan, measure, and compare
planning and QA results to the
TG119 report for both the
Head and Neck and
C-shape cases

T3 TG-119 tests

Choose at least 2 relevant
e clinical cases; plan, measure,
7.4 Clinical tests and perform an in-depth
analysis of the results

Simulate, plan, and treat an
anthropomorphic phantom with
embedded dosimeters.

1.5 External review

Diode or plastic
scintillator

Diode, plastic scintillator,
minichamber oF
microion chamber

Ion chamber, film
and/or array

Ion chamber, film
and/or array

Various options exist®

Ref

Yunice et al-!1®!

Cadman et al 58!

TG-119
(Ezzell et al.™"))

Nelms et al. !

Kry et al.™

® A bar pattern scanned with a diode can be used to obtain additional absolute dose profile comparison in the direction

perpendicular to MLC movement

® If IROC Houston service is used, they typically employ TLDs and radiochromic film. Certain commercial phantoms

can accommodate 1on chambers for point dose measurements
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PUBLICATIONS
MPPG-TPS

The Medical Physics Practice Guideline (MPPG) for Commissioning and QA of External Beam Treatment Plunning System (TPS)
Dose Calewlations includes recommendations to validate the dose for IMRTNMAT/helical delivery plans through
comparison of the individual beams and/or composite measurements with TPS calculations. In addition, the MPPG
recammends the establishment of a routine QA program that validates dose calculation consistency through
recalculation of reference plans for photon and electron beams. The MPPG has provided six sample datasets (DICOM CT
and RT Structure Sets) that are available for users to download.

IMRT/VMAT Validation Datasets

Plans should be developed using a dose calculation method that accounts for tissue heterogeneities in primary and
scatter interactions (e.g., Convolution/Superposition, Monte Carlo, or grid-based Boltzmann transport equation solvers).
The following datasets are available and include a PDF of sample objectives that can be used for optimization and
prescription.

= Case 1: Prostate fossa and nodal region (Simultaneous Integrated Boost) [21MB]
= Case 2 Abdomen (Simultaneous Integrated Boost) [(33MB]

= (Case 3! Lung, Right upper lobe (single PTV) [47MB]

= Case 4 Anal (Simultaneous Integrated Boost) [22MB]

= Case 5 Head & Neck (Simultaneous Integrated Boost) [27MB]

Additional Routine QA Dataset

Dose calculation consistency can be performed by re-calculating a subset of the IMRT/YMAT datasets provided above
and by using the following dataset for simple photon and electran fields.

= (Case 6: Thorax for electron and/or photon beams (Chest Wall) [32MB]

ional Resources



Other IMRT/VMAT Commissioning

A EzzelGA, Galvin JM, Low D et al. Guidance document on
delivery, treatment planning, and clinical implementation
of IMRT: report of the IMRT subcommittee of the AAPM
radiation therapy committee. Med Phys. 2003; 30:2089
2115.

A Ling et al. Commissioning and quality assurancamtiarc
delivery system.|JROBP.2008ct 1;72(2)67581 (Varian)

A Befordet al. Commissioning doumetricModulated Arc
Therapy (VMAT). IJROBP. 2009;73%8. Elektg

A ESTRO Booklet 9
A AAPM MPPG 5A
A AAPM TG119, 120, 218
A Read the manual!



AAPM Recommendations:
Report of Task Group 120

Dosimetry tools and techniques for IMRT

Daniel A. Low®
Washingion University, 5. Lowis, Missouri 63110

Jean M. Moran
University of Michigan, Ann Arbor, Michigan 45109

James F. Dempsey
Viewray Incorporated, Cleveland, Ohio 44106

Lei Dong
M. I Anderson Cancer Center, Houston, Texas 77013

Mark Oldham
Duke University Medical Center, Durham, North Caroling 27710

(Received 25 January 2010; revised 4 October 2010; accepted for publication 4 October 2010
published 16 February 2011) q ¢ K@TOCf[t provides a

comprehensive overview of how dosimeters,
phantoms, and dose distribution analysis
techniques

should be used to support the commissionin
and quality assurance requirements of liRT

Med. Phys. 38(3). March 2011. t NREINT Ve



Phantoms




AAPM Recommendations: Point
Dose

A Absolute dose A Measurement location

| Calibrate(:bylindrical T Homogeneous (<10%)
lon chamber ) .

i Size should be small I <10% dose difference

enough to limit dose 2mm from detector

heterogeneity across

the volume to <10% & Ref g
I Avoid high z central elerence dose

electrode I Calculated average
i Leakage <5% of over collecting
reading (correction volume

>2%) I Avoid point dose



AAPM Recommendations: 2D

Detectors
A Detectors A Recommendations
I Film I Use for relative
i Diode Arrays dosimetry
i lon chamber arrays I Film calibration protocol
i EPID I Commissioning with film

before moving to 2D
arrays for routine QA



lode Arrays




TG 120: Sample Recommendations
Diode Arrays

1.B.2.c. Recommendations for use

(1) Useful for efficient routine QA of a precommissioned IMRT technique. Initial commissioning
should be performed with a system with higher spatial resolution (e.g., film).

(2) For calibration and all measurements with the device, the linear accelerator dose repetition rate
should be the same as for the clinical treatment.

(3) The device calibration should be checked monthly, or as specified by the manufacturer or
published literature.

(4) Careful consideration should be given to the development of pass/fail acceptance criteria for the
evaluation of the results from an array detector. For example, AAPM Task Group 119 (Ref. 17)
demonstrated pass rates of ~. 9()o;, of the evaluated points when using 3 mm/3% distance-to-
agreement (DTA) and dose-difference criteria, respectively, when reporting institution's planar
diode detector measurement QA results. Each physicist should determine acceptance criteria that
are appropriate for the treatment site, the treatment objectives, and the clinic's policies.
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TG 120: Sample Recommendations
EPID



