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Varian Clinac i1X

m Variable dose rate
0-600 MU/min

m Variable gantry speed
0.1-4.8 degree/s

m Variable MLC speed
0-2.5 cm/s
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PHYSICS CONTRIBUTION

COMMISSIONING AND QUALITY ASSURANCE OF RAPIDARC RADIOTHERAPY
DELIVERY SYSTEM

C. Curron Ling, Pu.D., ¥ Penceenc Zuanc, PuD.,T Yves Arcuampavir, M.Sc.#
Jirt Bocanek, M.Sc.,* GRace Tang, M.PHIL.} anp THomas LoSasso, Pu.D.

#Varian Medical Sysiems, Palo Alio, CA; "Memorial Sloan-Kettering Cancer Center, New York, NY
and ¥ University of Maryland, Baltimore, MD

Purpose: The Varian RapidArc is a system for intensity-modulated radiotherapy (IMRT) treatment planning and
delivery. RapidArc incor porates capabilitics such as variable dose-rate, variable ganiry speed, and accuraie and
fast dynamic multileaf collimators (DMLC), to optimize dose conformality, delivery efficiency, accuracy and re-
liability. We developed RapidAre system and quality 1QA) pi

Methods and Materials: Tests have been designed that evaluate Rapid Arc performance ina, . First,
he accuracy of DMLC position during gantry rotation is examined. Second, the ability to vary and contral the
dose-rate and gantry speedis evaluated. Third, the combined use of variable DMLC speed and dose-rate is studied.
Results: Adapting the picket fence test for RapidArc, we compared the patterns obtained with stationary gantry
and in Rapid Arc 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 M Utmin), gantry speeds (5.5-4.3°/s), and gantry range (A8 = 90-12.9°)
togive the same dose to seven parts of a film. When normalized to a corresponding open field (to account for flat-
ness and asymmetry), the dose of the seven portions show good agreement, with a mean deviation of 0.7%. In as-
sessing DMLC speed (0.46, 0,92, 1.84, and 2.76 cm/s) during RapidArc, the analysis 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
gantry speeds can be precisely controlled during RapidAre. © 2008 Elsevier Inc.

RapidArc, Commissioning, QA.

INTRODUCTION

potel f applying direct aperture optimization to IMAT
oplimization, constraining the plans to be deliverable by
the linac systems (10, 11). One IMAT approach involves
several gantry rotations and thereby increases treatment

Intensity-modulated radiotherapy (IMRT) has been estab-
lished us accurate, reliable, and efficient in delivering canfor-

mal radiotherapy (1, 2). By maximizing tumor dose while
sparing normal es, IMRT can improve the efficacy of ra-
diotherapy. Delivery of IMRT is possible using different
methods: for example, in slice-by-slice rotational therapy us-
ing binary collimation (3. 4). or computercontrolled multi-
leaf collimators (MLC) in st (SMLC for segmental
MLC) or dynamic (DMLC or sliding window) mode (1. 5)

Another IMRT method was proposed by Yu, combining
gantry rotation and aperture changes for intensity-modulated
arc therapy (IMAT) (6). Clinical implementation of IMAT
wis Ily hampered because the optimization algorithm
generated plans difficult to deliver with conventional linear
accelerators (linacs) and MLCs. Subsequent research led to
direct aperture optimization, that takes into
constraints of varying the aperture shape
(7-9). That development led researchers to

account the
with SMLC
evaluate the
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time. Another approach, proposed by Otto as volumetric
modulated arc therapy (VMAT), requires only one gantry ro-
tation and produces dose distributions equivalent to or better
than those of IMRT (12).

The IMAT or VMAT approach has a number of potential
advantages (6. 12). In being able 1o deliver radiation from
360P . it may offer more conformal dose distributions relative
to IMRT using only a limiled number of fields and gantry di-
rections. Plan optimization becomes simpler, as it obviates
questions of beam number and direction. Compared with to-
motherapy, the use of a cone beam improves delivery effi-
ciency significantly. Specifically, by using a volumetric
adiation volume, VMAT is five to 15 times more efficient,
in terms of treatment time and monitor units, than the slice-
by-slice tomotherapy (12). Another important factor is that
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Introduction
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MNOTICE: This documant is FOR EDUCATIONAL PURPOSES ONLY.

Purpose

The purpose of this document is to provide high level description of the RapidArc
QA files as well as simple instructions for using them. This document and its
accompanying files are not and should not be considered as any form of
recommendation from Varian on what constitutes a complete RapidArc machine
QA program.

For a discussion on RapidArc machine QA, the reader is encouraged to refer to:
Ling et al., Commissioning and Quality Assurance of RapidArc™ Radiotherapy
Delivery System, Int. J. Radiation Oncology Biol. Phys., Vol. 72, No. 2, pp. 575—
581, 2008

The RapidArc QA files described in this document are designed after the work in
this paper and can be used to reproduce the similar tests.

Scope

This document and its accompanying RapidArc QA files are provided for Varian
linear accelerators equipped with either the Millennium 120 MLC or the
Millennium HD120 MLC and RapidArc. They are provided for the 6MV X-ray
beam and a dose rate of 600MU/min. Test plans for other energies or dose rates
can be obtained by importing the RapidArc QA files into Eclipse or ARIA and
changing the energy or dose rate. Please refer to the RapidArc QA files
description section below for more details about the files.

®2008 Varian Medical Systems 1/67

Itis not intended to replace or madify the relevant Varian

Operator’s Manual. Fer complete information, refer to your Varian Operator's Manual
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m General Machine Performance
1. LR g meE (0° ,90° ,180° ,270° ) <0.5°
2. SFEH LR HE (Gantry,Coll) +1mm
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m General Machine Performance

3. Jieke b 50 = ER T
T W B =+ i g
> ME6X. 10*10cm . Gantry 180° UL FMUF %
=X (72MU. 1800MU)
> MIE6X. 10*10cm « Arc 360° DL FMURHIH BN
Y (72MU. 1800MU)

> EXIY
> Tolerance = =1%

MU XY

72 1.002

1800 0.994
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> fBIE B =+
> M&E6X. 4*10cm . 100MU, Dosimetry M120.dcm . fE
(0° . 90° . 180° . 270° ) FfrH &4 5 NX0 .
X90 . X180 . X270
> 1HHE(X-Xmean)/ Xmean

» Tolerance = +2% | xo_Xxmean)/ Xmean 0.8%

(X90-Xmean)/ Xmean 1.2%

(X180-Xmean)/ Xmean | 1.3%

(X270-Xmean)/ Xmean | 1.0%
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> EPID

> 6X. PicketFenceStatic M120.dcm, 100MU,3kECiZ it %]
£ (0° . 90° . 180° . 270° ) MIMLCHINLLKE)E

> Tolerance =+1mm
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> 6X. DoseRateGantrySpeed M120.dcm, 3REUZit X
1

BEdE (179° -242° ) I FEHF AR K
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> 6X. 14*20cm, JTHEFHE G
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VWARNING: Field and image data differ
- delta gantry rotation 6Z.7[deg]
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> 6X. MLCSpeed M120.dcm, 3REGZITXIFE gk
(170° -26° ) IEFEPHI A K
> M FigshiEE: 0.46. 0.92. 1.84. 2.46 cm/s
> 6X. 12*20cm, JTHFHEHT
> AT AN [F] R SR B A i 771 1 22 )
» Tolerance =+2%
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WARNING: Field and image data differ
- delta gantry rotation 143.3[deg]
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