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ABSTRACT

The aim of this study was to evaluate the use of the planar and cylindrica
diode arrays for IMRT and VMAT plan verification. Two diode detector arrays were
compared for their use in the patient-specific quality assurance of IMRT and VMAT
treatment plans: one diode array is aflat panel of diodes (MapCHECK?2) positioned with a
MapPHAN phantom, while the other is a cylindrical phantom with the diodes placed in a
spiral array (ArcCHECK). Both devices were tested for the dose linearity over a range of
20-400 MU and a repetition rate over the range of 100 to 600 MU/min of 6 and 10 MV,
photons delivered via a static 10x10 cm? field. The dependence of the response of
detectors on field size was measured and compared with Farmer-type ionization chamber.
The short-term and long-term reproducibility and the array calibration were also examined
to understand the stability and uncertainty of the systems and the angular dependence was
studied. The performance of the dosimeter system was then evaluated using IMRT and
VMAT plans. The study included the planning of 7 coplanar plans (head and neck, pelvic,
abdominal region) and 3 non-coplanar plans (brain) with IMRT and VMAT which were
performed using a Varian Clinac iX. The measured doses were compared to the TPS dose
and analyzed using gamma analysis with criteria of 3%/3 mm. No repetition rate or field
size dependence was observed within the range of the field sizes and dose rate used in the
study for both 6 and 10 MV photon energies. Both detector arrays showed linearity of
dose and a stable short-term and long-term reproducibility. We found relatively large
discrepancies in angular response (up to 39%) for MapCHECK2 and 17% for
ArcCHECK. For IMRT plans delivered at planned angles, MapCHECK 2 results showed a
lower average gamma passing rate (93.4%) compared to measurements (97.8%) delivered
at fixed O degree gantry angles. The ArcCHECK results showed average differences
between measured and calculated values of 93.8%. For VMAT plans, the average passing
rate was 99.3% and 97.8% using MapHECK2 and ArcCHECK respectively. The
measured differences between IMRT and VMAT QA results for non-coplanar were small,
except the MapCHECK 2 results showed averages of 63.9% for the IMRT plans delivered
at a planned angle. ArcCHECK is an efficient and valuable tool for both IMRT and
VMAT QA, it achieved an above 95% pass rate. With MapCHECK?2 an excellent
agreement was observed between the measurement and the verification dose for VMAT
and IMRT QA when measured at gantry zero degree. But the application of the array to
planned gantry angle IMRT QA requires careful consideration.

KEY WORDS: IMRT/ VMAT/ TREATMENT VERIFICATION/ QUALITY
ASSURANCE/ DIDODE ARRAY
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CHAPTER|
INTRODUCTION

The goal of radiation therapy is to deliver highative radiation dose to
the target volume while controlling normal tissuel aritical structure complications.
The rapid advancement in treatment planning and/etgl systems combined with
state-of-the-art imaging systems in the treatmeantr has increased the potential use
of intensity modulated radiation therapy (IMRT) amdlumetric modulated arc
therapy (VMAT) for routine clinical practice. Thedevelopments potentially improve
the effectiveness of the treatment, but they atswease the complexity, requiring
more careful evaluation of treatment plans beftirecal delivery.

The routine clinical uses of IMRT have increasepidiy over the past
decade. IMRT is generally delivered from severaddi beam angles in order to create
a more conformal dose distribution while spare@unding healthy tissue through the
use of multileaf collimators (MLC) [1]. VMAT is a ethod of delivering intensity
modulated fields that is currently gaining widegigreise. VMAT [2] is distinguished
from fixed-beam IMRT in that the radiation is delred while the gantry rotates
around the patient. The dose is shaped using tmeables: MLC shape, gantry
rotation speed, and dose rate can be continuoasigd/to deliver the prescribed dose
to the planning target volume. The primary advaatafj VMAT over fixed-beam
IMRT is that VMAT treatments can be delivered sfg@aintly faster. RapidArc is the
name of the commercially available version of VMAmmM Varian. IMRT and
VMAT treatments are considerably more complex th@ditional treatments, and
have a greater potential for delivery errors.

Quality assurance (QA) in radiation therapy is thethod used to ensure
that the correct amount of radiation is being d=kd to the correct location. QA is
performed routinely on all parts of the treatmerdcpss, from planning to delivery.
And the dosimetric verification of treatment plasritical in order to ensure accurate
and safety delivery of precise patient treatmeangl The necessity for an easy-to-use

and reliable QA system to ensure the accuracy sé delivery before clinical use is
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required. In the past, IMRT QA was performed wihative dosimetry using film and
the small ion chamber in a phantom for absolutatpdose measurements [But the
process is time consuming, because of increasirtgenpaload combined with
traditional QA methods would extend the time regdifor the treatment verification.
Thus in recent years, most clinics have moved sbdad reliable QA system such as
2D-dosimetric phantom, this is required for delweerification due to shortened the
time for delivery verification with their easy oétsup and instantaneous absolute dose
readout and dose distribution display. In the pest years, 2D arrays of electronic
detectors have become available and have beenedtudi some detail: the
MapCHECK diode array Model 1175 (Sun Nuclear Coagion, Melbourne, FL) [4],
and two commercial models of the ionization chamizray MatriXX [5]
(Scanditronix Wellhofer GmbH, Germany) and PTW s2846] (PTW, Freiburg,
Germany). These 2D plane of detectors which wark for fixed gantry IMRT, but
may be less well suited for rotational IMRRecently, there have been attempts to
extend electronic detector systems for use with IM#&rification such as the Deltad
phantom (Scandidos, Uppsala, Sweden) [7] has 1B6%e silicon diodes in a
crossed array inside a cylindrical polymethylmethiate (PMMA) phantom and the
cylindrial phantom, ArcCHECK(Sun Nuclear CorporatioMelbourne, FL) [8] with
1386 diodes embedded in it.

In this study, we aim to evaluate and compare thenaetric performance
of MapCHECK2 and ArcCHECK. (Sun Nuclear Corporatidfelbourne, FL). The
evaluation of these dosimetric systems was apgiedMRT and RapidArc and
deliveries using a Varian iX linear acceleratorhniMRT plans generated using the
Varian Eclipse (ver. 8.6) treatment planning system

1L1IMRT

Intensity-modulated radiation therapy (IMRT) is advanced form of
three-dimensional conformal therapy (3D-CRT). Ualikonventional conformal
therapy, the beam intensity of each IMRT field isdulated in a rather complex way.
Delivery of intensity-modulated fields relies onetluse of computer controlled

multileaf collimators (MLCs) equipped on modernelam accelerators. Because of the
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complex beam intensity modulation, each IMRT figffen includes many small,
irregular, off-axis fields resulting in isodose tdisutions for each IMRT plan that are
more conformal to the tumor target volume than ¢hfstem conventional treatment

plans. IMRT can be divided in to two type are;

1.1.1 Static MLC IMRT (Step and Shoot)
In step and shoot IMRT, the MLC leaves remaindiixing irradiation and
the beam is turned off between consecutive MLC ebageveral small static fields are

added up to create the dose distribution.

1.1.2 Dynamic MLC IMRT (Sliding window)
In dynamic IMRT, the leaves are in continuous motduring radiation

delivery, moving in and out of the field to cre#ite desired dose distribution.

1.2VMAT

Volumetric modulated arc therapy (VMAT), is a subseIMRT with the
gantry in constant motion, has been implementethenpast few years. VMAT can
potentially deliver a radiation field that bettesnforms to the tumor volume while
reducing treatment time. This advancement is ptessibe to the ability of VMAT to
modulate dose rate and gantry speed while the MdjGsts the shape of the field,
creating more opportunities for optimization [9In& the radiation is distributed over
one or more arcs, the dose to healthy tissue msadpacross a much larger volume.
Additionally, the gantry rotation allows dose to teduced in areas that penetrate
sensitive organs while increasing the dose thatgsathrough less sensitive tissue.

RapidArc (RA) is a clinical application of rotatiahIMRT based on the
VMAT method on Varian medical systems Inc. (PaldoAICA, USA), while on
Elekta system, it is simply called VMAT. RapidArdapning uses progressive
sampling by adding groups of control points duropgimization. As the optimization
advances, the MLC leaves are restricted to smaltmrements and the gantry angles
are sampled at a finer resolution. The number ofrobpoints is doubled at each level



Pornpirom Laojunun Introduction/4

of resolution until the final number achieved i Jper arc [9]. This result in a control

points approximately every 2° of gantry rotatiorthie final plan.

1.3 Quality Assurance (QA) for IMRT and VMAT

The complexity of the IMRT and VMAT treatment dediy does not come
without a risk. The clinical efficacy of IMRT andMWAT relies on the ability of the
planning system and delivery system to accurateliwer planned dose to the target.
And also the complicated motion of MLC leaves todulate beamlets makes leaf
positioning accuracy more critical than conventl@2-CRT technique. In addition to
the machine QA program, a patient-specific QA paogis also in place to ensure the
quality of each individual patient treatment. Thaimpurpose of patient specific QA
should be to assure that the clinical impact ofttkatment on the patient, due to the
overall performance of the machine and all humaatofa, does not deviate
significantly from what is planned. Patient spec{@A has become an integral part of
IMRT and VMAT treatment process.

A number of methods have been routinely employedpfe-treatment
patient specific QA. These methods include film-@Dde array, ionization chamber
array, electronic portal imaging devices (EPID),ltiple plane 2D detectors and 3D
dosimetry. lonization chamber combined with filmtise early popular choice. An
ionization chamber could be placed in a high dowk law dose gradient region for
absorbed point dose measurement. Film can be ateatlto measure a relative dose
distribution and permits high spatial resolutiomwever in can be time consuming.
Film is gradually replaced by online 2D detectarstsas diode arrays and ionization
chamber array. Absolute planar dose distributionldcde obtained during a single
delivery which makes measurement more accurateldli@re often used because of
their small size and extreme sensitivity. Thereameous 2D detectors commercially
available such as the MatriXX (IBA dosimetry, Genypand the Seven29 (PTW,
Germany). 2D-ion chamber or the diode-based deMepCHECK (Sun nuclear
corporation, USA), 3D-diode QA tool ArcCHECK (Sumatear corporation, USA),
and Deltad (ScandiDos AB, Sweden). Portal dosimbaged on electronic portal
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imaging device (EPID) is an alternative for patispecific QA measurement. Each
type of detector has tradeoffs that much be corsithehen choosing a device for QA

measurements.

1.4 Plans evaluation

There are several qualitative methods to evaluaisoraed dose
distributions, e.g. dose difference, the distamcagreement and the percentage of
points, area or volume passing a pre-selectediorités used to indicate the quality of

the whole planning and delivery procedure.

1.4.1 Dose difference

The dose difference test, wherein the differencesvéen two dose
distributions is calculated point by point in dak@main, is the most straightforward
method. This technique, most frequently used by ica¢édphysicist to compare
calculated and measured dose distributions. Thénadesuperposes the calculation
and measured isodose curves with a subsequenttafuali assessment of the

acceptability of the calculation algorithm.

1.4.2 Distance-to-agreement (DTA)

The DTA is the spatial distance between calculaed measured data
points that receives the same absorbed dose. &iontof maximum acceptable DTA
can be chosen by the user. The distance betweandhsured and the reference data
points with the same absorbed dose must not extteedhosen maximum DTA to
pass the evaluation. DTA is a useful complemenddse difference measurements,

especially when it comes to high dose gradienoregi

1.4.3 Gamma evaluation method

The use of only dose difference or DTA might beuffisient in some case
to decide whether a data point should be acceptedtdhe dose difference method is
not valid in high dose gradient regions due to alkspatial error may result in large

absorbed dose difference in contrast to the DTAv kb al [10] described the gamma
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evaluation method in which they simultaneously mpooate the dose difference and
the DTA criteria. They applied two comparison teasdirect comparison of dose
difference and comparison of the DTA between calooh and measured absorbed
dose distribution and provides a numerical indea ageasure of agreement of the two
dose distribution. The gamma evaluation method tetscriteria for both absorbed
dose difference and the distance to the closest paint in the reference plan. A
gamma indexy( is calculated for every measured dose point &titeigamma index
is less than or equal to one, the dose point paskese are a lot of difference choices
of dosimeters for QA measurement, there is no genseon what criteria one should
use in evaluating the agreement between measudedatculated dose distribution. A
recent survey conducted by Nelms et al [11] shotkedmajority responding clinical
institution use 3%/3mm criterion for IMRT QA analyscan achieve 90%-95%

passing rate between calculation and measuremémimpractice.
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CHAPTER I
OBJECTIVES

In this study, two difference detector arrays wevaluated for IMRT and
VMAT pre-treatment patient specific QA; The 2D-deotdased MapCHECK2 array
and 3D-diode based ArcCHECK.

1. The primary objective was to study detector oesp dependence on
dose, field size, dose rate, the linearity of tle¢edtor response, shot term and long
term reproducibility.

2. The secondary objective of this thesis was &luate and compare the
MapCHECK2 and ArcCHECK's ability (for patient retat verification of IMRT and
VMAT treatment delivery) to measure dose distribativere verified by comparing

the measurement with dose distribution from the . TPS
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CHAPTER 11
LITERATURE REVIEWS

As radiation therapy becomes ever more customizabéach patient, the
complexities of the supporting treatment planniygtem (TPS) and the delivery
system increase. This requires a constant evolofiguality assurance (QA) methods
used to verify the performance of the systems. dfae a lot of different choices of

dosimeter for QA measurement.

3.1 Quality Assurancefor IMRT

Letourneau et al. [12] evaluated the dosimetricratiaristics of the
MapCHECK detector, included detector reproduchailiinearity and temperature
dependent for high energy photon beams. They foliaidthe diode response is linear
within the range of the radiation dose delivereg (o 310 cGy). A temperature
dependence of about one-half percent per degre@a<Calgo noted. For the clinical
performance, their results demonstrate that theQHHCK can be used to accurately
and efficiently verify the dosimetry of IMRT treaémt plans.

Another effort at IMRT patient-specific quality asance by Li. et al. [13]
examined two commercially used detector array,ocanchamber-based MatriXX and
the diode-based array-MapCHECK before clinical usey studied the detector
response on field size, dose rate and radiatiorrggn@and compared to the
measurements using a farmer-type ionization chanfed they evaluated the short-
term and long term reproducibility, and also theedrity of the detector response.
They found that there was no field size or SSD ddpece within the range of the
field sizes and SSDs used in their study. Bothaetaypes showed small error (<1%)
when they measured for dose of more than 8 cGyekhibited large errors when
measuring lower dose. The MapCHECK gave a slighiyter array sensitivity

correction than MatriXX. And they also obtained #wecellent passing rate for both
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detector arrays when compared with IMRT planar diisgibutions from TPS for 6
MV and 18 MV photon beams.

3.2 Quality Assurancefor VMAT

According to Li et al [14], they evaluated the penmhance of 3D-diode
based ArcCHECK for VMAT patient plan verificatiomhe ArcCHECK was also
tested for field size, dose rate, dose per pulsg¢ directional dependence and
compared with the results of an ionization chamberaddition to perform tests for
short term reproducibility and dose linearity, TheCHECK diodes performed well
for all tests except the directional dependenceginviraried from a minimum of -3.9%
to a maximum of 7.7%. The average gamma analyss paes with 3%/3mm for
nasopharyngeal cancer, cervical cancer and reatalec VMAT plans were 93.5%
95.7% and 97.5% respectively. They conclude thah wheir proposed calibration
method, the ArcCHECK was suitable for VMAT pretraant verification.

An alternative approach to VMAT patient specific Qias initially
presented by Letourneau, et HI5]. They evaluated a hollow cylindrical phantom
which embedded with 124 diodes space 2 cm apdheirwalls to form four rings of
detectors. For composite dose measurement abi@groducibility and angular
dependence of the diode were assessed, and atorfactor was generated for each
diode as a function of gantry angle. The dosimé&teted by Letourneau offers in
variant perpendicular incidence on the beam cematted for any gantry angle, being
able to measure the beam both to entrance to antt@x the phantom. Their results
demonstrated the suitability of the ArcCHECK systiemthe patient specific QA of
VMAT plans.

Another effort at patient-specific quality assuraior RapidArc treatment
technique using the MapCHECK diode array by Gloak{l6]. They compare the
absolute dose determinate from the Varian Eclipsstment planning system to doses
measured with ion chamber in the Solid Water plamt®heir study has provided the
accuracy obtained with MapCHECK and an ion chanmbgrantom. The point dose
calculations were within 1% of the treatment plagnisystem predictions. The
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MapCHECK analysis showed that 97.5% average pasaiegfor gamma criteria of
3%, 3mm for most QA plans studied.

Yan, et al.[17] developed the effective calibration procedui@sa novel
4D diode array (ArcCHECK) for patient specific VMAQA, by accounting for diode
sensitivity and angular dependence response depead@ real-time algorithm to
derive gantry angle was developed to interpolateesponding angular correction
factors. The diode array has been accurately eadiirand is suitable for clinical
applications for demonstration with IMRT and VMATaps. Excellent agreement was
achieved between diode array measurement and T@8at@n. The ArcCHECK was
proved to be a valuable tool for both IMRT and VMAatient specific QA.

The study by Feygelman, et al. [18] evaluated ofeav 3D dosimeter
array. The array under investigation is a hollowindyical phantom with diode
detectors fixed in a helical shell forming an “O%ia detector cross section
(ArcCHECK), with comparison drawn to previously&puBD array with diodes fixed
in two crossing planes forming an “X” axial crogson (Deltd). In Phase | testing,
the ArcCHECK was found to have robust responseoumity between the diode,
measurement accuracy for the fields bigger 15 ctherwidth is compromised by the
diodes, angular response dependence.

In phase Il testing, the ArcCHECK had limitatiors fdosimetry of the
fixed-width arcs inherent in the curved detectaangl placing all the diodes in the
periphery. It has demonstrated good gamma anghgsising rate for the VMAT plans
compared to the evaluated by ArcCHECK.
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CHAPTER IV
MATERIALSAND METHODS

4.1 Materials

4.1.1 Computerized treatment planning system

The computerized treatment planning system usehlisnstudy is Eclipse
treatment planning system version 8.6 (Varian QugplSystems, Palo Alto, CA).
The system is based on Wind@®vsoperating system and connected with ARIA
database server system. The system composes D&therecision 490 workstation, 4
GB memory and network connection devices. The BelipPS have comprehensive
option tools to contour, set up plan, evaluate plad contain beam analysis function
for analyzing beam data during beam commissionimd) @nfiguration. They have
capability to export and import files (image, sture, plan, and dose) in DICOM RT
file.

Figure 4.1 Eclipse version 8.6 computerized treatment plagnsiystem
(Varian Oncology Systems, Palo Alto, CA)
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4.1.2 Linear accelerator

The linear accelerator used in this experimentasan Clinac iX (Varian
Oncology Systems, Palo Alto, CA) as shown in figdi2 which produces dual photon
beam energies of 6 and 10 MV and six electron beaengies of 6, 9, 12, 15, 18 and
22 MeV. The field sizes are range from 0.3 x 0.3 @40 x 40 crhat isocenter. The
machine used double scattering foil system fortedecboard beam uniformity. The
collimator jaws are auto-collimated to optimizeldieflatness and also minimize

collimator scattered electron.

Figure 4.2 Varian Clinac iX linear accelerator (Varian OnagpjdSystems,
Palo Alto, CA)

4.1.3 lonization chambers and Electrometer

4.1.3.1 FC-65G ionization chamber

A 0.65 cc Farmer type of ionization chamber (Sciadix,
Wellhofer Dosimetries, Schwarzenbruck, Germanylaswn in Figure 4.3 compose
with thin walled high purity graphite thimble andirp aluminum electrode which
supported by a thin walled aluminum stem. The $eesvolume of chamber is 0.65
cm® with 23.1 mm volume length. The chamber was useddse measurement of
output calibration.
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Figure4.3 A FC 65-G (Scanditronix, Wellhofer Dosimetriesh&@arzenbruck,
Germany)

4.1.3.2 Electrometer
The electrometer Dose-1 (Scanditronix,  Wellhofer

Dosimetries, Schwarzenbruck, Germany) shown inrégd.4 is a portable, single
channel, reference class dosimeter according to 8831 for the dosimetry using
ionization chambers or semiconductor detectors. ddiarization voltage is produced
by a AC/DC converter from a 5V internal supply agie. The polarity and value can
be programmed in the range of +600 V. This elecat@mis set at +300 V used with
FC65-G. Maximum charge per pulse is approximatea(pulse.

DOSE 1(1)

Figure 4.4 Dose-1 Electrometer (Scanditronix, Wellhofer Dosines,
Schwarzenbruck, Germany)
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4.1.4. Diode array

4.1.41 MapCHECK2 and MapPHAN

2D diode array measurements were taken using the
MapCHECK2 with MapPHAN (Sun Nuclear Corporation, IM®urne, FL). The
MapCHECK2 model 1177 (Figure 4.5) is a 2D diodeawrrconsists of 1527 diode
detectors with a uniform detector spacing thoubbtarray of 7.07 mm, equally a total
detector array size of 32 x 26 €m

The MapPHAN is a water equivalent case designeldotcse
the MapCHECK?2 for rotational delivery measuremeiitse MapCHECK device is

connected to a computer during delivery.

Figure4.6 The MapPHAN with the MapCHECK?2 inserté8un Nuclear
Corporation, Melbourne, USA)
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4.1.4.2 ArcCHECK

The ArcCHECK is a cylindrical with a special arrafy 1386
diodes. The diodes are placed between two laysolaf water or acrylic and spaced 1
cm apart. The phantom has an outer diameter of @6.@nd inner hole diameter of
15.1 cm. with the curve plane of diodes at a ditaof 10.4 cm. from the center.
Detectors are arranged on a heligrid which increasesampling rate and reduce
rotational response dependent by making the detaatay. The overall length is 44.3
cm, of which 11.9 cm is taken up by the electrosiestion and remaining 32.4 cm is
the length of the PMMA phantom; the active areallerns 21 cm. An optional PMMA
insert is used to eliminate the central cavity mlogeneity when desired. The
ArcCHECK Model 1220 with and without insert (Sun Nuclear Corporation,
Melbourne, FL) are shown in Figure 4.7

Figure4.7 The ArcCHECKwith and without homogeneouse acrylic insert

(Sun Nuclear Corporation, Melbourne, USA)

4.1.5 Computed tomography (CT) system

Figure 4.8 shows a Philips Brilliance Big Bore Cg€amsner (Philips
Medical Systems, Madison, WI) is a modified thirgéngration scanner. It has
scanning field of view from 5 to 60 cm. This fatylidesigned for CT imaging for
radiation treatment planning can afford patientijpmang flexibility. The CT operates
with spiral scan to create volumetric image in RWPsch account for inhomogeneity

correction with corresponding to CT number on CTag®s. The image data was
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imported to Eclipse via DICOM 3 file. The 3 locatetbving lasers used to define
reference marks of isocenter for plan set up.

Figure 4.8 The Philips Brilliance Big Bore CT scanner (Plslilledical
Systems, Madison, WI)

4.1.6 Solid water phantom

The solid water phantom (Gammex RMI, Middleton, Vid) made in
square slab of 30 x 30 émwith thickness of 0.2, 1.0, 2.0 and 5 chhis solid water
phantom is created from a mixture of solid andidgquomponents, which are stored in
a temperature and humidity controlled environm&hte components are combined in
an industrial mixture under vacuum to reduce ablibes. It has the physical density
of 1.043 +0.005 g/cth

Figure 4.9 Gammex solid water phantoms (Gammex RMI, Middlewvi)
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4.2 Methods

All measurement’ were done with 6 and 10 MV X-raalms from Varian
linear accelerator with 120 leaf Millennium MLC (Wan Oncology Systems, Palo
Alto, CA) all plans were generated using the Edigseatment planning system
(Varian Oncology Systems, Palo Alto, CA).

In this study, two difference diode arrays werelea@d for IMRT and
VMAT patient specific plan verification: the plandiode array MapCHECK2 (Sun
Nuclear Corporation, Melbourne, FL) and the cyliodr diode array ArcCHECK
(Sun Nuclear Corporation, Melbourne, FL). For dastinie device, it is necessary to
investigate how accurately each detector measheastiation dose.

The study was divided into 2 parts

Part 1: to study the performance of 2 detectordype

Part 2: to evaluate these two diode arrays typedM&®T and VMAT
plans verification.

Before MapCHECK2 and ArcCHECK could be used for sseeaments for
patient specific QA for IMRT or VMAT. It had to bmalibrated the detector array both
MapCHECK?2 and ArcCHECK for relative array and abseldose calibration.

A.) Relative array calibration

Array calibration is a process of determining thedative sensitivity
differences between the detectors in the diodeyansirument. These differences are
stored as individual correction factors to be agplio the raw measurement from each
detector. This ensures that all detectors will hineesame sensitivity and eliminates
response difference between individual detectoln® dalibration process is designed
by the manufacture.

For the MapCHECK, array calibration consists okfsteps, identified as
steps A through E according to manual of MapCHEQKJ. The position of the 2D
diode array was set on the treatment coy€igure 4.10) The couch height was
adjusted to 100 cm SSD for 37 x 377%dields. The cross hairs were aligned with the
indicated point which marked on the surface of2Bediode array. The monitor unit
was set at 200 MU for each steps. The 2D diodey amas rotated at 90 degree for
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steps B and C but for step D and E, the centehefdross hairs were shifted to

position D and Eon the surface of the array, rebgsy.

Figure 4.10 The set up of MapCHECK2 on the treatment couch

For the ArcCHECKarray calibration consists of eleven steps, ideatifis
steps A through K according to manual of ArcCHEQ@R][ The initial position of the
3D diode array was set on the treatment couchu(€ig.11)The couch height was
adjusted to 100 cm SAD, 86.7 cm SSD for 20 x 28 fields. The cross hairs were
aligned with the indicated point which marked oga Hurface and lasers aligned with
the indicated point which marked on the top andridtsurface of the 3D diode array.
The monitor unit was set at 200 MU for each st§pep A measurement at rotated the
gantry to -57 degrees (303 IEC), step B measureraembtated the gantry to -8
degrees (352 IEC), step C measurement at rotagegiihtry to 8 degrees (8 IEC), step
D measurement at rotated the gantry to 57 degiee$EC), step E shift the couch 5
mm toward the target and measurement at rotatedahey to -8 degrees (352 IEC),
step F shift the couch 10 mm toward the gun andsareanent at rotated the gantry to
-8 degrees (352 IEC), step G changed the ArcCHEgHKobated 180 degrees such
that the sagittal line was now faced the couchragdsured at rotated the gantry to -74
degrees (286 IEC), step H measured at rotated ahtrygto -25 degrees (335 IEC),
step | measured at rotated the gantry to 25 de@?&elcC), step J measured at rotated
the gantry to 74 degrees (74 IEC), step K chanpedArcCHECK by inverted the
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ArcCHECK so that the electronics are faced the @nohrotated 180 degrees such that
the sagittal line was at the top of instrumentteerd the cross hairs on the axial, shift
the couch 5 mm toward the target and sagittaldim@ measured at rotated the gantry
to 8 degrees (8 IEC).

o

Figure4.11 The initial set up of ArcCHECK on the treatment cou

B.) Absolute dose calibration

The absolute dose calibration is a process of iagat dose calibration
correction factor that is used to convert relatise values to absolute dose values.
The dose calibration correction factor is appliea@l detectors in addition to the array
sensitivity correction factor.

For the MapCHECK2 absolute dose calibration wasopaed with 6 and
10 MV photon beam at 5 cm tissue equivalent deptii® x10 crh field and 100 cm
SDD by integrating with MapPHAN. The delivered dagas 105 MU for 100 cGy at
6 MV photon beam and 100 MU for 100 cGy at 10 M\bfam beam. The set up of
MapCHECK2 integrated with MapPHAN is shown in figut.12.
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Figure4.12 The set up of MapCHECK?2 integrated with MapPHAN dose

calibration

For the ArcCHECK, absolute dose calibration wadquered with 6 and
10 MV photon beams for 10 x10 érfield and 86.7 cm SSD or 89.6 cm SDD of
ArcCHECK. The delivered dose was 161 MU for 200 d@y6 MV and 152 MU for
200 cGy for 10 MV X-rays. The inherent buildup w8 cm which equals to 3.3 cm

water equivalent, the set up position of 3D diodayafor dose calibration is shown in

figure 4.13.

N Source /

[ T

$SDpc = 0D =
SAD-133em SAD SSDpc - 29 ¢

Physical Depth = 2.9 cm
\i Water Equivgtlent =33cm

Detector Location

ArcCHECK Setup

Figure 4.13 The set up of ArcCHECK for dose calibration
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4.2.1 Detector performance test

In this part, we studied the characteristics ofhbdiode array systems
before clinical use. They included the detectortsors term and long term
reproducibility, dose linearity, detector respodspendent on field size, dose rate and
angular dependence of detector array systems.

4.2.1.1 Diode array reproducibility

We studied the diode reproducibility over a measanmat
period, short term reproducibility was evaluatedrbgeating the same measurement
every 10 minutes over one-hour period and calcdldbee SD of 10 consecutive
reading of five central diodes made by MapCHECK2l akrcCHECK systems
calculated the SD of 10 consecutive reading of tentral diodes for 6 and 10 MV
photon beams.(show in the figure 4.14 and 4.15) Mkasurements were performed
with 3.3 cm of water equivalent thickness usingdax110 cnf field size at a 100 cm
SAD for MapCHECK2 and ArcCHECK respectivelyn the ArcCHECK were
performed with insert core and without insert core.

For our long term reproducibility study, we repehtee same
measurements with the reading every week over a-nmamth period. The
reproducibility of the dosimetric system was meaduin similar condition for
MapCHECK?2 and ArcCHECK for comparison.
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Figure4.15 The position of two diode readings in the ArcCHECK
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4.2.1.2 Dose linearity and ener gy of the detector response

The linearity of the detectors response was assebse
delivering varying amounts of radiation dose with and 10 MV photon beams from
20 to 400 MU using a 10 x 10 énfield size at 89.6 cm SDD dose rate of 400
MU/min. The average readings from the five centliade of the MapCHECK2 and
two central diode of the ArcCHECK were correlatedhwthe delivered dose. The
measurements were performed at 3.3 cm of watervalgat thickness for
MapCHECK2 and ArcCHECK similar to set up in 4.2.1Ahd two scatter material
configurations were used for the measurement usiagCHECK2.First set up, we
used solid water phantom 3.3 cm thickness to simuacCHECK without insert
show in the figure 4.16. Another set up, we usedcibthickness of solid water
phantom to simulate the ArcCHECK with insert shovthe figure 4.17.

Source Source

| ]

SSDe = N SDD = 8D 7 =
SAD SS - :
33 em 55Dsc =28 em sbo-33em - gplid water phantom

Physical Depth = 2.9 cm
Water Equivalent = 3.3 cm

A
33cm
A

Radius =
133 cm

MapCHECK2

Detector Location

ArcCHECK Setup

Figure 4.16 The MapCHECK with solid water phantom to simulate the
ArcCHECK without insert.
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Source Source
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SSDyc = cio oD - SSDpL a7 =
SAD- 133 cm = S5Dpc + 28 cm SDD-33cem  golid water phantom

Physical Depth = 2.9 cm
Water Equivalent = 3.3 cm

Detector Location

MapCHECK2

ArcCHECK Setup

Figure 4.17 The MapCHECK with solid water phantom to simulate the
ArcCHECK with insert.

4.2.1.3 Repetition rate dependence

The dose rate effect dependence was performedtbréband
10 MV photon beams by varying the repetition ratenf 100 MU/min. to 600
MU/min. (100, 200, 300, 400, 500 and 600 MU/miningsthe same set-up geometry
that used in 4.2.1.2 with a fixed field size 0f200 cnf at 89.6 cm source-to-detector
distance for both detectors system and for the ssehenonitor unit on the console.
The average readings from the five central diodthefMapCHECK2 and two central
diode of the ArcCHECK were evaluated constancy.

4.2.1.4 Detector-response on field size

The response of the detectors as a function al Bede for 6
and 10 MV photon beams was assessed by measuentelditive dose output for
various square field sizes ranging from 3 x 3 eo25 x 25 chi(3x 3,4x4,5x 5, 6
X 6,8 x 8,10 x 10, 12 x 12, 15 x 15, 18 x 18x220, and 25 x 25 cfpat 89.6 SDD,
with 3.3 cm depth using the same set-up geomettyubed in 4.2.1.2. The average
readings from the five central diode of the MapCHRGnNd two central diode of the
ArcCHECK werecompared with those obtained by a FC 65-G ionimatioamber in

the same geometry
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4.2.1.5 Angular dependence

For the MapCHECK2 with MapPHAN, the angular deperide
was measured by varying the gantry angle from Qededgo 180 degree every 15
degree interval with a fixed field size of 10 x @@ at 100 cm source-to-detector
distance. The measurements were performed on bartid 60 MV photon beams. The
corresponding readings were measured.

For the ArcCHECK system, due to its design, itligreed with
the isocenter and positioned approximately on thmetral axis. A narrow beam
segment can be considered approximately normakhéeo detector surface. If the
segment deviated away from the central axis orfild size increase, the angular
dependence of the ArcCHECK system could be an itapbfactor. So it has to be
accounted for.

An experiment to test the angular dependence of the
ArcCHECK system is to compare the measured andileadd dose profiles for a sets
of beams by increasing width, the measurement mawce with a series of open fields
ranging from 10 x 10, 15 x 15, 20 x 20 and 25 xc®% was projected on the
ArcCHECK center. The dose profiles along the curygdne of detectors were

normalized to the respective central axis dose.
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Figure 4.18 Theset up geometry for angular dependence test of the
ArcCHECK
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4.2.2 Dosimetric verification for IMRT and VMAT plans

4.2.2.1 Patient characteristic

For pretreatment patient specific QA, ten dynaniMRTs
were selected randomly and included differencecangtiocations to provide a variety
of complexity: two head and neck (H&N) cancers,ethrprostate cancer, two
abdominal regions cancers and three other non4saplalans. Then we designed a
VMAT plans, we re-planed all the patient data poegly with IMRT.

4.2.2.2 Created IMRT and VMAT verification plans

The IMRT and VMAT plans for each patient were then
recalculated on the CT images of MapCHECK2 with FIdAN, ArcCHECK with
insert. The percentage of gamma passing with @it#r3% and 3 mm was then used
to compare the dosimetric system with each other.

For the MapCHECK?2, we created the verification plavith
composite fields at the gantry 0 degree and apliwened gantry for every IMRT QA
plans as shown in figure 4.19 and 4.20 respectivetyl we also created the IMRT
verification plans with composite fields at therplad gantry on the ArcCHECK with

acrylic insert for every treatment plans as shawfigure 4.21

e
g“ 77

Figure4.19 IMRT QA plans for the MapCHECK?2 at gantry O degree



Fac. of Grad. Studies, Mahidol Univ. M.S§Medical Physics)/27

@ i [Hlaceanom
i

e )= an M
Figure 4.20 IMRT QA plans for the MapCHECK?2 at planned gantry
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Figure4.21 IMRT QA plans for the ArcCHECK at planned gantry

The VMAT plans were created for pretreatment veatiion
with composite fields at the planned gantry for@# plans using both MapCHECK2
integrated with MapPHAN and the ArcCHECK, with darynsert that were shown in
figure 4.22 and 4.23 respectively.

All treatment plans were exported from Eclipse treant

planning system version 8.6 as DICOM files to theord and verify system ARIA
version 8.6
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The QA of fix beam IMRT and VMAT treatment geneyall
consists of two major parts: an absolute dose meamnt to a reference point and at
least on measured plan of dose distribution.

The MapCHECK2 with MapPHAN and ArcCHECK system
were set up on the treatment couch. The diode avesythen aligned properly with
the room laser.

The details of all pretreatment plans for verificat are
showed in appendix.

T — = : 2 e coren e

Figure 4.23 VMAT QA plans for the ArcCHECK
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4.2.2.3 Data analysis

The delivered doses in the detectors are comparethd
planning dose using detector software. We evaludteddose by the gamma index
with criteria 3% and 3 mm for each pretreatmentgpatspecific QA plan. After dose
delivering to both detector systems, absolute dberence between measured and
planned dose were analyzed using 3% dose differemmk 3 mm distance-to-
agreement for each pretreatment patient specificpl@ using MapCHECK2 and

ArcCHECK as shown in fig.4.24 and 4.B&spectively
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CHAPTER YV
RESULTS

5.1 Detector performancetest

5.1.1 Diode Array Reproducibility

The short-term and long-term reproducibility of both MapCHECK2 and
ArcCHECK were evaluated by repeating the same measurement at every 10 minutes
over a one-hour period and every week over a four-month period respectively, the
results of MapCHECK2 reproducibility for 6 and 10 MV photon beams are shown in
table 5.1, 5.2, 5.3 and 5.4.

The maximum standard deviation of short term reproducibility for
MapCHECK?2 is 0.15 and the long term reproducibility is not more than 1.63 for 6 and
10 MV photon beams.
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Table 5.1 The short term reproducibility of MapCHECK2 for 6 MV photon beams,

the data were measured every 10 minutes over one hour period.

No. of Diode number
measurement 1 2 3 4 5
1 90.14 90.03 91.09 90.26 92.56
2 90.11 89.94 91.08 90.25 92.55
3 90.13 90.03 91.12 90.36 92.63
4 90.14 89.89 91.07 90.17 92.53
5 90.21 89.91 91.06 90.25 92.52
6 90.21 90.00 91.13 90.33 92.54
7 90.23 89.96 91.12 90.35 92.59
8 90.16 89.96 91.07 90.26 92.58
9 90.17 89.99 91.13 90.31 92.53
10 90.23 89.95 91.10 90.29 9251

average 90.17 89.97 91.10 90.28 92.55
SD 0.04 0.05 0.03 0.06 0.04
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Table 5.2 The short term reproducibility of MapCHECK2 for 10 MV photon beams,

the data were measured every 10 minutes over one hour period.

No. of Diode number
measurement 1 2 3 4 5
1 96.81 96.47 97.53 96.84 99.26
2 96.60 96.42 97.34 96.60 98.98
3 96.51 96.26 97.22 96.58 98.96
4 96.42 96.28 97.14 96.39 98.94
5 96.63 96.41 97.00 96.32 98.84
6 96.55 96.26 97.16 96.42 98.91
7 96.50 96.26 97.22 96.48 98.89
8 96.49 96.28 97.20 96.36 98.90
9 96.43 96.25 97.12 96.44 98.88
10 96.48 96.29 97.24 96.42 98.84

average 96.54 96.32 97.22 96.49 98.94
SD 0.12 0.08 0.14 0.15 0.12
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Table 5.3 The long term reproducibility of MapCHECK2 for 6 MV photon beams, the

data were measured every week over a four-month period.

No. of Diode number
measurement 1 2 3 4 5
1 88.63 88.55 89.02 88.02 90.55
2 89.74 89.72 90.31 88.63 91.79
3 89.92 89.84 90.73 88.90 92.15
4 90.58 90.55 91.34 89.83 92.89
5 90.12 90.00 91.09 90.29 92.58
6 92.95 93.28 94.04 93.95 95.43
7 91.00 91.08 91.88 91.18 93.25
8 90.17 89.86 90.86 89.98 92.46
9 89.85 89.72 90.65 89.80 92.21
10 89.47 89.18 90.09 89.18 91.69

average 90.24 90.18 91.00 90.18 92.50
SD 1.14 1.29 1.32 1.63 1.27
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Table 5.4 The long term reproducibility of MapCHECK2 for 10 MV photon beams,

the data were measured every week over afour-month period.

No. of Diode number
measurement 1 2 3 4 5
1 94.53 94.50 94.69 93.61 96.48
2 96.20 96.20 96.57 95.98 98.28
3 95.98 95.94 96.52 95.79 98.20
4 96.63 96.68 97.19 96.75 98.90
5 96.64 96.38 97.36 96.68 99.07
6 98.99 99.34 99.64 99.54 101.49
7 97.48 97.54 98.02 97.38 90.71
8 96.42 96.20 96.94 96.11 98.80
9 96.11 95.98 96.74 95.88 98.48

=
o

95.85 95.54 96.21 95.38 98.04
average 96.48 96.43 96.99 96.31 98.74
SD 1.16 1.28 1.27 1.52 1.28
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The results of ArcCHECK reproducibility for 6 and 10 MV photon beams
are shown in table 5.5, 5.6, 5.7 and 5.8. We found that the maximum standard
deviation of short term is 0.34 and long term reproducibility is about 1.0 ever with or
without PMMA insert.

Table 5.5 The short term reproducibility of ArcCHECK with and without insert core
for 6 MV photon beams, the data were measured every 10 minutes over one hour

period.
Diode number
No. of Without insert With insert
measurement 1 > 1 2

1 122.78 123.16 122.99 123.16
2 122.83 123.33 122.96 123.15
3 122.96 123.48 123.23 123.35
4 122.73 123.12 122.65 123.87
5 123.20 123.32 123.30 123.40
6 123.01 123.50 123.23 123.33
7 123.20 123.47 123.26 123.44
8 123.98 123.44 122.62 122.84
9 122.79 123.39 122.54 122.73
10 122.87 123.12 122.38 122.59

average 122.94 123.33 122.92 123.09

SD 0.17 0.15 0.34 0.31
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Table 5.6 The short term reproducibility of ArcCHECK with and without insert core

for 10 MV photon beams, the data were measured every 10 minutes over one hour

period.
Diode number
No. of Without insert With insert
measurement 1 5 1 2

1 130.84 131.90 131.35 132.49
2 130.90 132.09 131.30 132.39
3 130.88 132.07 131.39 132.55
4 130.88 132.06 131.31 132.34
5 130.90 13211 131.34 132.41
6 130.79 132.08 131.47 132.44
7 130.83 132.12 131.36 132.40
8 130.81 132.10 131.45 132.43
9 130.88 132.07 131.50 132.49
10 130.90 132.10 131.45 132.52

average 130.86 132.07 131.39 132.45

SD 0.04 0.06 0.07 0.07
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Table 5.7 The long term reproducibility of ArcCHECK with and without insert core

for 6 MV photon beams, the data were measured every week over four month period.

Diode number
No. of Without insert With insert
measurement 1 5 1 5
1 122.83 123.19 122.86 123.33
2 122.15 122.84 122.30 122.93
3 122.42 122.99 122.65 122.78
4 122.42 124,53 124.47 124.54
5 12552 124.16 12551 124.09
6 123.85 125.69 124.05 125.49
7 124.37 124.09 124.65 124.48
8 123.52 124.31 123.49 124.16
9 123.52 124.31 124.08 124.64
10 123.55 123.98 123.68 124.05
average 123.62 124.21 123.77 124.25

SD 101 1.02 0.99 1.05
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Table 5.8 The long term reproducibility of ArcCHECK with and without insert core

for 10 MV photon beams, the data were measured every week over four month period.

Diode number

No. of Without insert With insert
measurement 1 5 . .
1 130.85 131.04 130.21 130.54
2 131.56 131.30 129.34 129.95
3 131.89 131.98 129.70 130.21
4 131.02 131.20 130.92 131.12
5 131.43 130.92 132.22 132.64
6 131.02 131.96 131.03 132.20
7 131.40 132.51 131.37 132.55
8 130.80 131.40 130.85 131.63
9 131.19 131.96 131.52 132.26
10 130.64 131.10 130.82 131.33
average 131.18 131.54 130.80 131.44
SD 0.39 0.53 0.86 0.98

5.1.2 Linearity of the detector response

The response of the detectors as afunction of delivered dose from 20-400
cGy for 6 and 10 MV photon beams both MapCHECK 2 and ArcCHECK are linear, as
shown intable5.9, 5.10, 5.11, 5.12, 5.13, 5.14, 5.15 and 5.16 and aso shown in figure
5.1,5.2,5.3,5.4,5.5, 5.6, 5.7 and 5.8. Both detectors show alinear response with

regression coefficient of 1.00



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Medical Physics)/39

Table 5.9 The dose linearity from 20 to 400 cGy of the MapCHECK 2 with the

backscatter phantom on 6 MV photon beams.

Delivered Dose values of diode (cGy)
dose(cGy) Diode number
Avg.
1 2 3 4 5
20 20.15 20.20 20.18 20.19 20.09 20.16
40 40.77 40.89 40.83 40.75 40.65 40.78
50 50.99 51.04 51.06 50.86 50.79 50.95
101 101.99 102.18 102.07 101.88 101.65 101.95
150.5 153.13 153.26 153.12 152.79 152.53 152.97
200 203.99 204.14 204.05 203.66 203.19 203.81
251 254.98 255.28 255.12 254.60 254.09 254.81
302 306.25 306.56 306.23 305.58 304.96 305.92
403 408.17 408.61 408,58 40740  406.56 407.86
Linearity of MapCHECK2
450.00
400.00 /A
< 350.00
> y=1.019x- 0.09
2 30000 // R2=1
2 250.00 —
3 200.00 s
% 150.00 — ——6MV
R 100.00
50.00 /
O-OO T T T T T 1
0 50 100 150 200 250 300 350 400
Mu

Figure 5.1 The dose linearity of the MapCHECK 2 for 6 MV photon beams, with

backscatter phantom
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Table5.10 The dose linearity from 20 to 400 cGy of the MapCHECK 2 with the
backscatter phantom on 10 MV photon beams.

Delivered Dose values of diode (cGy)
dose(cGy) Diode number
Avg.
1 2 3 4 5
20 20.86 20.95 21.00 20.88 20.83 20.90
40 41.62 41.71 41.86 41.72 41.63 41.71
50 52.10 52.15 52.36 52.14 52.09 52.17
101 104.17 104.29 104.64 104.24  104.20 104.31
150.5 156.47 156.43 156.87 156.36 156.15 156.46
200 208.57 208.58 209.21 208.39 208.23 208.60
251 260.61 260.67 261.40 260.44 260.24 260.67
302 313.00 312.90 313.78 312.64 312.44 312.95
403 417.07 41693 41841 416.73  416.32 417.09
Linearity of MapCHECK2
igggg . ¥=1042x1 0031
. RZ=1
= 350.00 A
g, 300.00 /
@ /
4 25000
k- /
> 200.00 —
% 15000 ——10 MV
o /
a 100.00 -
5000 —=
0.00 T T T T T T T 1
0 50 100 150 200 250 300 350 400
MU

Figure 5.2 The dose linearity of the MapCHECK2 for 10 MV photon beams, with

backscatter phantom
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20 to 400 cGy of the MapCHECK 2 without the

backscatter phantom on 6 MV photon beams.

Delivered Dose values of diode (cGy)
dose(cGy) Diode number
Avg.
1 2 3 4 5
20 20.31 20.27 20.31 20.26 20.29 20.29
40 40.46 40.42 40.49 40.44 40.40 40.44
50 50.80 50.69 50.75 50.70 50.62 50.71
101 101.52 101.36 101.43 101.15 101.30 101.35
150 152.43 152.03 152.22 152.01 151.92 152.12
200 203.11 202.66 203.06 202.68 202.47 202.80
251 253.75 253.80 253.80 253.25 252.98 253.52
302 304.46 304.82 304.37 303.99 303.51 304.23
403 405.74  406.09 405.85 405.17 404.41 405.45
Linearity of MapCHECK?2
450.00
400.00 s
o e
2 250.00
T;" 200.00 /-/
< 150.00 e & MV
2 100.00 //
w
0 50 100 150 200 250 300 350 400
MU

Figure 5.3 The dose linearity of the MapCHECK2 for 6 MV photon beams,

without backscatter phantom
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Table5.12 The dose linearity from 20 to 400 cGy of the MapCHECK 2 without the

backscatter phantom on 10 MV photon beams.

150.00

Delivered Dose values of diode (cGy)
dose(cGy) Diode number
Avg.
1 2 3 4 5
21.0 20.82 20.85 21.0 20.88 20.92 20.89
41.5 41.35 41.27 41.62 41.40 41.46 41.42
52.0 51.96 51.87 52.25 52.0 52.08 52.03
104.0 103.88 103.68 10436 103.98  104.07 103.99
156.0 155.66 155.24  156.31 155.57 155.8 155.72
208.0 207.63 20699  208.39 207.72  207.68 207.68
260.0 25946 25876  260.53 259.71  259.85 259.66
312.0 311.2 310.38 31265 31160 311.78 311.52
416.0 41497  413.83 41681 41550 415.65 415.35
Linearity of MapCHECK2
e o

oo gy

g 250.00

g‘ 200.00 /

b, —=—10 MV

S

100.00

50.00

0.00
a

50 1C0

150 20C

MU

250 300 350 400

Figure 5.4 The dose linearity of the MapCHECK2 for 10 MV photon beams,

without backscatter phantom
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Table 5.13 The dose linearity from 20 to 400 cGy of the ArcCHECK with insert core
on 6 MV photon beams.

Delivered Dose values of diode (cGy)
dose(cGy)

Diode number

1 2 average
24.8 24.56 24.64 24.60
49.7 48.99 49.22 49.11
62 61.24 61.45 61.35
124 122.38 122.80 122.59
186 183.63 184.28 183.95
248 244.98 246.02 24550
310 306.58 307.49 307.03
372 367.84 369.01 368.43
496 490.56 492.37 491.46
Linearity of ArcCHECK
450.00
y =0.990x- 0.159
400.00 Riz1
350.00
N 300.00
g 250.00
g 200.00
.g 6MV
150.00
100.00
50.00
e
0.00
0 50 100 150 200 250 300 350 400
MU

Figure 5.5 The dose linearity of the ArcCHECK for 6 MV photon beams, with

insert
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Table5.14 The dose linearity from 20 to 400 cGy of the ArcCHECK with insert core
on 10 MV photon beams.

Delivered Dose values of diode (cGy)
dose(cGy)
Diode number
1 2 average

26.3 26.20 26.48 26.34
52.7 52.43 52.92 52.68
65.9 65.53 66.20 65.86
131.7 131.13 132.27 131.70
197.6 196.72 298.62 197.70
263.4 262.10 264.76 263.43
329.3 327.67 330.78 329.22
395.2 393.32 396.99 395.16
526.9 524.46 529.05 526.76

Linearity of ArcCHECK

450.00

400.00 /
350.00 y=0.999x+0.033
/ RP=1
300.00 /
250.00 /
200.00
/ ——10MV

150.00 /
100.00 /

50.00

7

Absoluted dose

0.00 T T T T T T T
0 50 100 150 200 250 300 350 400

MU

Figure 5.6 The dose linearity of the ArcCHECK for 10 MV photon beams, with

insert
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Table5.15 The dose linearity from 20 to 400 cGy of the ArcCHECK without insert

core on 6 MV photon beams.

Delivered Dose values of diode (cGy)
dose(cGy)
Diode number
1 2 average
24.8 24.73 24.74 24.74
49.7 49.25 49.41 49.33
62 61.52 61.66 61.59
124 122.87 123.12 123.00
186 183.86 184.55 184.21
248 245,57 246.62 246.10
310 306.95 308.25 307.60
372 368.45 369.84 369.14
496 491.52 493.46 492.49

Linearity of ArcCHECK

450.00

y=0.992x-0.053
RE=1

400.00

350.00

300.00

250.00

200.00

Absoluted dose

- BMV

150.00

100.00

50.00

.00 T T T T T T T ,
0 50 100 150 200 250 300 350 400

MU

Figure 5.7 The dose linearity of the ArcCHECK for 6 MV photon beams, without

insert
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Table5.16 The dose linearity from 20 to 400 cGy of the ArcCHECK without insert

core on 10 MV photon beams.

Delivered Dose values of diode (cGy)
dose(cGy)
Diode number
1 2 average
26.3 26.15 26.37 26.26
52.7 52.35 52.81 52.58
65.9 65.50 66.03 65.76
131.7 131.00 132.12 131.56
197.6 196.42 198.01 197.21
263.4 261.96 264.06 263.01
329.3 327.15 330.02 328.58
395.2 392.57 395.94 394.25
526.9 524.61 528.19 526.40
Linearity of ArcCHECK

450.00

400.00 /
350.00

/ y=0.998x- 0057

2 -
300.00 / RZ=1
250.00 /
200.00
/ ——10MV

150.00 /
100.00 /

50.00
/

0.00

Absoluted dose
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Figure 5.8 The dose linearity of the ArcCHECK for 10 MV photon beams,

without insert
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5.1.3 Repetition rate dependence
Repetition rate response of MapCHECK2 and ArcCHECK for 6 and 10 MV
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photon beams with varying of repetition rate from 100 to 600 MU/min are showed in table

5.17 and 5.18 respectively. The average signal around the central of MapCHECK?2 and
ArcCHECK array were taken and normalized to repetition rate 400 MU/min.

Then the data was plotted to be the graphs between the normalized signa

and dose rate (MU/min) as shown in figure 5.9, 5.10, 5.11 and 5.12. The results
showed that the dose of MapCHECK2 and ArcCHECK exhibit <0.3% variation with

varying repetition rate for both 6 and 10 MV photon beams.

Table 5.17 The repetition rate response of the MapCHECK2 with 3.3 cm and 15 cm
thickness of backscatter phantom for 6 and 10 MV photon beams

repetition Rel ative dose measurement

rate

(MUMINS) \yjith 3.3 om thickness of backscatter With 15 cm thickness of

phantom backscatter phantom
6 MV 10 MV 6 MV 10 MV

100 99.00 09997 99.07 09989 99.18 1.0000 99.18 0.9990
200 99.02 09999 99.14 09996 99.11 0.9993 99.22 0.9994
300 99.08 1.0005 99.09 09991 9924 10006 99.31 1.0004
400 99.03 1.0000 99.18 1.0000 99.18 1.0000 99.28 1.0000
500 99.07 1.0004  99.28 1.0010 99.25 1.0007 99.28 1.0000
600 99.23 1.0020 99.19 1.0001 99.20 1.0002 99.28 1.0000
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Repetition rate dependence of MapCHECK
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Figure 5.9 The repetition rate dependence of the MapCHECK (M C) normalized at 400
MU/min for 6 and 10 MV photon beams, with 3.3 cm thickness of backscatter

phantom

Repetition rate dependence of MapCHECK
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Figure 5.10 The repetition rate dependence of the MapCHECK (MC) normalized at
400 MU/min for 6 and 10 MV photon beams, with 15 cm thickness of backscatter

phantom
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Table 5.18 The repetition rate response of the ArcCHECK with and without insert for
6 and 10 MV photon beams

repetition Rel ative dose measurement

rate

(MU/mins) Without insert With insert

6 MV 10 MV 6 MV 10 MV

100 098.528 0.9981 98408 0.9974 98312 0.9974 98.661 0.9989
200 98.711 09999 98579 0.9991 98507 0.9994 98.629 0.9986
300 98.557 09984 98.706 1.0004 98541 0.9997 98.687 0.9992
400 98.717 1.0000 98.664 1.0000 98571 1.0000 98.767 1.0000
500 98546 09983 98.706 1.0004 98559 0.9999 098.764 1.0000
600 98.612 0.9989 98.700 1.0004 98.830 1.0026 98.809 1.0004

Repetition rate dependence of ArcCHECK
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Figure 5.11 The repetition rate dependence of the ArcCHECK (AC) normalized at 400
MU/min for 6 and 10 MV photon beams, without insert
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Repetition rate dependence of ArcCHECK
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Figure 5.12 The repetition rate dependence of the ArcCHECK (AC) normalized at 400
MU/min for 6 and 10 MV photon beams, with insert

5.1.4 Detector responseon field size

The field size response of MapCHECK?2 and ArcCHECK were measured
for arange of field size from 3 x 3 cm® to 25 x 25 cm? for 6 and 10 MV photon beams.
And the measured signals were normalized to signal of 10 x 10 cm? to be field size
factors. Then these field size factors were compared to the field size factors measured
with Farmer type ionization chamber (FC 65-G ionization chamber). The results of
field size factors of 6 and 10 MV photon beams measured with MapCHECK?2 and
ArcCHECK system and compared to those measured with FC 65-G ionization
chamber are presented in table 5.19, 5.20, 5.21 and 5.22 and figure 5.13, 5.14, 5.15,
5.16, 5.17, 5.18, 5.19 and 5.20.

The results showed that the percent difference of field size response of
MapCHECK?2 compare to Farmer type ionization chamber were less than 0.6% for 6
and 10 MV photon beams. For ArcCHECK, the percent differences were about 1%. For
field size smaller than 4 x 4 cm® the field size factor measured with Farmer type
ionization chamber underestimates the field size factor by 4.1% and 6.3% for 6 and 10
MV photon beams respectively, due to the volume averaging effect.
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Table5.19 Thefield size response of the MapCHECK 2 with various field size ranging

from 3 x 3 cm?to 25 x 25 cm? for 6 MV photon beams.

Field size Relative dose measurement
(cm’)
With 3.3 cm thickness With 15 cm thickness
of backscatter phantom of backscatter phantom
MapCHECK IC %Difference MapCHECK IC %Difference
3x3 0.881 0.867 1.66 0.876 0.859 1.97
4x4 0.915 0.917 -0.25 0.909 0.914 -0.60
5x5 0.937 0.939 -0.29 0.933 0.937 -0.47
6x6 0.953 0.955 -0.17 0.951 0.953 -0.21
8x8 0.981 0.982 -0.05 0.979 0.979 0.00
10x10 1.00 1.00 0.00 1.00 1.00 0.00
12x12 1.015 1.014 0.05 1.017 1.016 0.09
15x15 1.029 1.030 -0.07 1.034 1.034 0.00
18x18 1.040 1.041 -0.12 1.047 1.047 0.00
20x20 1.048 1.048 0.00 1.055 1.053 0.17
25x25 1.059 1.060 -0.15 1.073 1.070 0.29
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Figure 5.13 Comparison between the field size factor of MapCHECK2 with 3.3 cm

thickness of backscatter phantom and Farmer type ionization chamber for 6 MV

photon beams
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Figure 5.14 Comparison between the field size factor of MapCHECK?2 with 15 cm

thickness of backscatter phantom and Farmer type ionization chamber for 6 MV

photon beams
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Table 5.20 Thefield size response of the MapCHECK 2 with various field size ranging

from 3 x 3 cm?to 25 x 25 cm? for 10 MV photon beams.

Field size Relative dose measurement
(cm?)
Without backscatter With backscatter
MapCHECK IC %Difference MapCHECK IC %Difference
3x3 0.877 0.897 -2.23 0.874 0.839 4.22
4x4 0.914 0.910 0.38 0911 0.908 0.36
5x5 0.938 0.939 -0.04 0.936 0.938 -0.20
6x6 0.956 0.957 -0.05 0.94 0.955 -0.06
8x8 0.982 0.981 0.09 0.981 0.981 0.00
10x10 1.00 1.00 0.00 1.00 1.00 0.00
12x12 1.013 1.013 0.00 1.015 1.014 0.02
15x15 1.026 1.027 -0.09 1.029 1.030 -0.05
18x18 1.041 1.041 0.00 1.041 1.040 0.02
20x20 1.051 1.053 -0.18 1.047 1.047 0.00
25x25 1.058 1.060 -0.17 1.060 1.061 -0.13
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Figure 5.15 Comparison between the field size factor of MapCHECK?2 with 3.3 cm

thickness of backscatter phantom and Farmer type ionization chamber for 10 MV

photon beams.
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Figure 5.16 Comparison between the field size factor of MapCHECK?2 with 15 cm

thickness of backscatter phantom and Farmer type ionization chamber for 10 MV

photon beams
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Table 5.21 The field size response of the ArcCHECK with various field size ranging

from 3 x 3 cm?to 25 x 25 cm? for 6 MV photon beams.

Field size Relative dose measurement
(cm?)
Without insert With insert
ArcCHECK IC %Difference  ArcCHECK IC %Difference
3x3 0.89%4 0.867 311 0.894 0.859 4.10
4x4 0.923 0.917 0.66 0.922 0.914 0.86
5x5 0.946 0.939 0.66 0.945 0.937 0.81
6x6 0.962 0.955 0.72 0.960 0.953 0.83
8x8 0.986 .982 0.46 0.985 0.979 0.60
10x10 1.00 1.00 0.00 1.00 1.00 0.00
12x12 1.015 1.014 0.04 1.015 1.016 -0.05
15x15 1.028 1.030 -0.23 1.030 1.034 -0.40
18x18 1.040 1.041 -0.08 1.042 1.047 -0.45
20x20 1.045 1.048 -0.23 1.049 1.053 -0.38

25x25 1.062 1.070 0.24 1.070 1.070 0.00
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Figure 5.17 Comparison between the field size factor of ArcCHECK without insert

and Farmer type ionization chamber for 6 MV photon beams.
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Figure 5.18 Comparison between the field size factor of ArcCHECK with insert and

Farmer type ionization chamber for 6 MV photon beams.
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Table 5.22 The field size response of the ArcCHECK with various field size ranging

from 3 x 3 cm?to 25 x 25 cm? for 10 MV photon beams.

Field size Relative dose measurement
(cm?)
Without insert With insert
ArcCHECK IC %Difference  ArcCHECK IC %Difference
3x3 0.892 0.897 3.79 0.892 0.839 6.34
4x4 0.921 0.910 1.20 0.922 0.910 1.59
5x5 0.942 0.939 0.35 0.944 0.938 0.66
6x6 0.958 0.957 0.13 0.959 0.955 0.41
8x8 0.983 0.981 0.17 0.983 0.981 0.22
10x10 1.00 1.00 0.00 1.00 1.00 0.00
12x12 1.013 1.013 0.00 1.014 1.014 0.00
15x15 1.025 1.027 -0.16 1.029 1.030 -0.13
18x18 1.035 1.037 -0.13 1.038 1.040 -0.19
20x20 1.041 1.041 0.00 1.044 1.047 -0.25

25x25 1.055 1.053 0.14 1.060 1.061 -0.11
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Figure 5.19 Comparison between the field size factor of ArcCHECK without insert

and Farmer typeionization chamber for 10 MV photon beams.
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Figure 5.20 Comparison between the field size factor of ArcCHECK with insert and
Farmer type ionization chamber for 10 MV photon beams.
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5.1.5 Angular dependence

For the MapCHECK2 the angular dependence was measured by varying
the gantry angle from O degree to 180 degree every 15 degree interval with a fixed
field size of 10x10 cm? field size at 100 cm SDD. The result showed in table 5.23

Table 5.23 The angular dependence of the MapCHECK?2 for 6 and 10 MV photon
beams.

Angular Relative dose of measurement
(degree) %difference %difference
6 MV with O degree 10 MV with O degree
0 96.685 0.0 103.308 0.0

15 96.282 -0.4 102.843 -0.5
30 95.364 -1.4 101.637 -1.6
45 92.194 -4.6 99.094 -4.1
60 84.490 -12.6 92.257 -10.7
75 60.273 -37.7 71.384 -30.9
90 58.447 -39.5 66.578 -35.6
105 64.067 -33.7 70.867 -31.4
120 78.997 -18.3 87.929 -14.9
135 85.948 -11.1 94.009 -9.0
150 89.784 -7.1 97.674 -5.5
165 94.776 -2.0 101.635 -1.6

180 95.624 -11 102.614 -0.7
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Figure 5.21 The percentage dose difference of the MapCHECK 2 versus gantry angle
for 6 MV photon beams, normalized to O degree
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Figure 5.22 The percentage dose difference of the MapCHECK 2 versus gantry angle
for 10 MV photon beams, normalized to O degree

From the result, the MapCHECK 2 response is clearly dependent on beam
incident angle with under-response of 35% to 39% at 90 degree.
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The angular of the ArcCHECK detector isto compare the measured and
calculated dose profiles for a series of fields with increasing width. All relative dose
profiles of ArcCHECK measurement compared to TPS calculation in homogeneous
phantom showed in the figure 5.23, 5.24, 5.25, 5.26 and 5.27.
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Figure 5.23 The relative dose of the ArcCHECK versus beam profile at 10x10 cm? for
6 MV photon beam
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Figure 5.24 The relative dose of the ArcCHECK versus beam profile at 15x15 cm? for
6 MV photon beam
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Figure 5.25 The relative dose of the ArcCHECK versus beam profile at 20x20 cm? for
6 MV photon beam

rorare

File Edit Setup Tooks Help
i | step Backgeni e Do s a7 15-07-20 | Caftualio

sal g | ot Pl Flan AT snaul (B<cws2fi28) |7 E [ e

(o5 =5 BEmEm

-300 250 200 50 -100 50 a 50 100 180 200 250 300
e

Figure 5.26 The relative dose of the ArcCHECK versus beam profile at 25x25 cm? for
6 MV photon beam
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Figure 5.27 The relative dose of the ArcCHECK versus beam profile at 10x10 cm? for
10 MV photon beam
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Figure 5.28 The relative dose of the ArcCHECK versus beam profile at 15x15 cm? for
10 MV photon beam
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Figure 5.29 The relative dose of the ArcCHECK versus beam profile at 20x20 cm? for
10 MV photon beam
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for 10 MV photon beam

5.2 Dosimetric verification for IMRT and VMAT plans

As the complexity of the IMRT and VMAT delivery techniques, it needs
rise to a requirement of pre-treatment patient specific QA for each patient plan. The
present study, the patient specific QA for IMRT and VMAT were performed with
MapCHECK?2 with MapPHAN (the planar diode array) and ArcCHECK (cylindrical
diode array). The results showed dose distributions similar in shape to those cal culated
by the Eclipse treatment machine and also the results of percentage passing for IMRT
and VMAT plans verified by MapCHECK2 with MapPHAN and ArcCHECK with

insert are shown in table 5.24.
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Table 5.24 Percentage of gamma passing (3%/3mm) for ten IMRT and VMAT plans
verified by MapCHECK 2 and ArcCHECK

IMRT VMAT
Plan Plan type MapCHECK2  ArcCHECK MapCHECK2 ArcCHECK
Gantry 0 gacr:?rill g:;?ra; Actual gantry
1 NP1 97.1 94.0 94.8 99.8 98.4
2 NP2 90.9 89.8 90.3 97.7 97.5
3 Prostate+L N 99.5 97.5 93.1 99.8 98.5
4 Prostate 98.7 94.1 96.0 99.6 96.7
5 Prostate+L N 98.2 89.9 86.9 98.3 99.6
6 Pancreasl 100 96.0 98.7 99.8 97.6
7 Pancreae? 100 92.5 96.9 100 96.2
Average gamma pass 97.8 93.4 93.8 99.3 97.8
1 Non-coplanar 99.2 52.0 98.8 97.8 96.8
2 Non-coplanar 100 55.6 99.1 99.5 95.1
3 Non-coplanar 97.4 84.2 97.5 99.2 91.6
Average gamma pass 98.9 63.9 98.5 98.8 94.5

For ten IMRT plan verification results using our gamma criteria fall
between 90.9 to 100% for MapCHECK?2 at zero degree angle setting-up and 85.1 to
99.1% for ArcCHECK detector in planed gantry angle verification technique, the
percent passing rate s were reasonable results for co-planar plans, but gave the low
percentage passing for non-coplanar plans. For VMAT plan verification doses
measured with MapCHECK?2 agreed better with plans, with average pass rate of
99.3%
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CHAPTER VI
DISCUSSION AND CONCLUSIONS

IMRT and VMAT treatment technique characterized the highly
conformal radiation dose to the target volume ardppdose gradient, the small error
in the process of treatment planning and deliveny lead to a large error at the final
treatment. Therefore, every treatment plan of IM&I VMAT has to be verifying
before treatment deliver to the patients in ordeagsure that the treatment plan can be
carried out accurately at the treatment delivergimrze.

Before using the QA tool for patient-specific QAgveral tests were
carried out to examine the performance charaderst both MapCHECK?2 and
ArcCHECK QA system. ArcCHECK N-type diodes are $amito these used in
MapCHECK2, so the discrepancy of the characteristithese two QA systems is
mainly due to the phantom configuration and thenglea of build up and backscatter

condition. The present study,

6.1 Detector performancetest

6.1.1 Diode array reproducibility

Our results demonstrate that the maximum SD fan MapCHECK?2 and
ArcCHECK system are less than 0.34% for both raahidbeam energy (6 and 10 MV
photon beams). Both detector systems should aufition of about 1.6% for the long
term reproducibility during four-month period. Tleesieasurements include not only
the reproducibility of the detector but also thectuation of beam output between
measurements. The results agree with Letourneaal §i2] who reported the
MapCHECK showed maximum SD of about 0.15% in skemrh reproducibility and
Li Gj et al[13] reported that the MapCHECK showesttable short term response and

a fluctuation of about 1% during the one-month quebri
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The diodes of the ArcCHECK are identical to thoseduin MapCHECK,
so both detector systems showed the same respariag dne hour and four-month

period.

6.1.2 Dose linearity of the detector response

In this study, we examined the response of thecttate as a function of
delivered dose. Both detector systems show the diogarity with regression
coefficient of 1 for both radiation beam energies tesults agree with Letourneau et
al is study [12]. They investigated the linearifyttee MapCHECK detectors and found
that the MapCHECK diodes is linear within the ranf¢he radiation dose delivered

6.1.3 Repetition rate dependence

Our results show that there is no significant ri¢éjpet rate dependence was
observed within the range of repetition rate fothb6 and 10 MV photon beams
employed in this study. Letourneau et al [12] an@tlal [21] reported similar results
with regard to MapCHECK diodes and ArcCHECK respety.

6.1.4 Detector response on field size

Figure 5.13, 5.14, 5.15 and 5.16 shows the fiedd f&actor dependence for
MapCHECK?2 and figure 5.17, 5.18, 5.19 and 5.20AoxCHECK. The percentage
difference of field size factor of MapCHECK2 and c@HECK from ionization
chamber FC 65G are less than 0.6% and 1.5% reggkgcfor both energy. Our
results agree with Li et al [13] who reported fiekize factor dependence of
MapCHECK with ionization chamber within 1% and easults also agree well with
Feygelman et al's study that reported their maximyercentage difference
(ArcCHECK and ion chamber) was 1.7% for hollow pioam and 1.3% when the
acrylic insert was inserted into the phantom. fRerfteld size smaller than 4 x 4 §m
the field size factor measured by Farmer type @mimon chamber underestimated by
4.1% and 6.3% for 6 and 10 MV photon beams respaygti due to the volume

averaging effect.
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6.1.5 Angular dependence

For present study, when the incident angle is nd#flan 45the angular
dependence deviation of MapCHECK2 was less than B%. angular dependence
exhibits as large as 39% and 35% for 6 and 10 Mdt@ihbeams respectively. These
largest deviations occurs with the beams paratighe array plane (9Qunlike Li et
al.’s study [21], they reported their highest amguwlependence was 9.1%. Our results
are much higher than their due to the high-Z maltenside MapCHECK2 and also
the couch attenuation that we did not take intmant

For ArcCHECK, our results showed that largest di#fee between
calculated dose from treatment planning system raedsured dose by ArcCHECK
was observed for the 20 x 20 Trield up to 17.5% and 10.6% for 6 and 10 MV
photon beams respectively. From Feygelman et 31 §&®eriment, they reported the
maximum difference the measured and calculated fiwsle 25 x 25 cfbeam was
7%

6.2 Dosimetric Verification for IMRT and VMAT plans

In this study, we performed a comprehensive ingaftbn comparing
IMRT and VMAT patient-specific QA using a planaode array (MapCHECK2 with
MapPHAN) and spiral diode array (ArcCHECK). It wag first comparison of IMRT
plan QA and VMAT plan QA. Other investigations hgarformed QA on IMRT and
VMAT plans.

Gloi et al [16] examined the patient specific QA fapidArc treatment
using the MapCHECK system and a Solid Water phamtiiiman embeded ionization
chamber. They obtained a 97.5% overage passingmMtiiegamma index <1: 3%/3
mm criteria.

Jursinic et al [21] reported MapCHECK with MapPHAddssing rate of
99.5% for fix beam IMRT plans and 99.8% for Rapiftans, using criteria of 3%/3
mm. These results are slightly higher than our MARCK2 with MapPHAN results
of 97.8% and 99.3% for IMRT at O degree gantry aragpid VMAT at planed gantry
angle respectively.
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For using ArcCHECK system to verify the IMRT and YAV plans, Li et
al [22] performed the comparison of the measured doseakdison by ArcCHECK
with the calculated dose distribution by treatmganning system for both IMRT and
VMAT plans. And they evaluated the percent gammssipg rate excess 95% and
93% respectively. These results are similar to ACHECK results of 93.8% and
97.8% for IMRT and VMAT QA plans.

We found the corresponding results for the non-aagl IMRT plans. The
percent gamma passing rate exceed 98% for MapCHBEGHK2 degree gantry angle
and ArcCHECK system with planned gantry angle. pkdbe IMRT plans using
planned gantry on MapCHECK2, mean percentage gapassing rate rapidly fell to
63.9% due to non-coplanar IMRT beams fall outsideplanar diode array.

In the present study, the MapCHECK2 and ArcCHECIstan were
characterized. Both of them were found to have goesponse linearity and
reproducibility, repetition rate and field size degence were quantified. The angular
dependence of both systems varied to a maximum &94017% for MapCHECK2
and ArcCHECK respectively.

And efford has been delicated to get MapCHECK2 wittapPHAN and
ArcCHECK QA system working along with the IMRT aRM@AT plan verification.
Based on the comparative measurements, the MapCBEQHK ArcCHECK QA

system are suitable for clinical IMRT and VMAT ptaverification.
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IMRT and VMAT verification plans

For pretreatment patient specific QA, ten dynamic IMRTSs were selected
randomly and included difference anatomy locations to provide a variety of
complexity: two head and neck (H&N) cancers, three prostate cancer, two abdominal
regions cancers and three other non-coplanar plans. Then we designed aVMAT plans,
we re-planed all the patient data previously with IMRT.

For two nasopharyngeal cancer IMRT verification plans, The first case
containes 7 beam directions at gantry angles of RPO208, RPO260, RAO313, AP(0),
LAOST, LPO103 and LPO155 and the other case has beam directions at gantry angles
of RPO200, RPO250, RAO300, AP(0), LAO50, LPO100 and LPO150. Using 6 MV
photon beams for both plans. The beam directions are showed in figure A.1 and A.2

respectively.

Figure A.1 The beam directions of Nasopharyngeal plan case 1
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Figure A.2 The beam directions of Nasopharyngeal plan case 2

For the three prostate with lymph nodes IMRT verification plans, The first
case containes 7 beam directions at gantry angles of RPO220, RPO250, RAOS300,
AP(0), LAO45, LPO100 and LPO135 and the second case has beam directions at
gantry angles of RPO240, RT Lat.(270), RAO310, AP(0), LAOS50, LPO95 and
LPO140 and the third case has beam directions at gantry angles of RPO213, RPO260,
RAO318, AP(0), LAO52Z, LPO105 and LPO157 . We planned al plans usingl0 MV
photon beams. The beam directions of three prostate IMRT plans are showed in figure
A.3, A.4 and A.5 respectively.

Figure A.3 The beam directions of Prostate with LN plan case 1
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RAO310

Figure A.5 The beam directions of Prostate with LN plan case 3

For two IMRT verification plans for pancreatic cancer, The first case
containes 4 beam directions at gantry angles of RT Lat.(270), RAO310, AP(0), and
LAOB80 and another case has 5 beams at gantry angles of RAO275, RAO310, AP(0),
LAO55 and LPO160 with 10 MV photon beams for both plans. The beam directions
are showed in figure A.6 and A.7 respectively.
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Il LAOS80

Figure A.6 The beam directions of IMRT plan for Pancreatic cancer case 1

Figure A.7 The beam directions of IMRT plan for Pancreatic cancer case 2

For the three non-coplanar IMRT verification plans, The first case
containes 3 beam directions at gantry angles of RPO210, RT Lat. (270) and RAO315
for couch rotation at O degree and gantry angle at LAO35 for couch rotation at 90
degree, the second case has beam directions at gantry angles of RPO260, RAO350 and
LT Lat (90) for couch rotation of O degree and gantry angle at LAO30 for 90 degree
couch rotation. And other case has beams direction at gantry angles RPO250,
RAO300, LAO45, LAO60 and LT Lat (90) for O degree couch rotation and gantry
angle at LAOG60 for 90 degree couch rotation. Both plans were used 6 MV photon
beams. All the beam directions are showed in figure A.8, A.9 and A.10 respectively.
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Figure A.9 The beam directions for the non-coplanar case 2
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Figure A.10 The beam directions for non-coplanar case 3
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