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Resumo

Na radioterapia moderna, a técnica VMAT se tornou uma alternativa bem-sucedida de tratamento. Devido
a sua complexidade, um programa de garantia de qualidade deve ser estabelecido, analisando, dentre
outros, fatores dosimétricos. Este trabalho tem por objetivo comparar a performance entre os dosimetros
OSL de oxido de aluminio (Al;O3:C) nanoDot™(Inlight™ system) fabricados pela Landauer Inc. e
dosimetros de Al,O3:C TLD-500 fabricados pela Rexon™ para dosimetria VMAT utilizando um simulador
antropomorfico. Os resultados mostraram que ambos os tipos de dosimetros de Al,O3:C apresentam boa
repetibilidade e concordancia entre as doses medidas e calculadas pelo sistema de planejamento.
Entretanto a necessidade de uma leitora sofisticada para analise OSL dos TLD-500, torna essa pastilha
menos pratica para aplicagao rotineira, comparando com o Inlight™ system.
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Abstract

In modern radiotherapy, the VMAT technique has become a successful treatment alternative. Due to its
complexity, a quality assurance program must be established by evaluating, among other items, the
dosimetric factors. This paper aims to compare the performance between the OSL aluminum oxide
(Al,03:C) nanoDot™ dosimeters (Inlight™ system) manufactured by Landauer Inc. and TLD-500 Al,O3:C
dosimeters manufactured by Rexon™ for VMAT dosimetry using an anthropomorphic phantom. The
results showed that both type of Al,O3:C dosimeters presented good repeatability and agreement between
the doses measured and calculated by planning system. However, the need of sophisticated readers to
OSL analysis of the TLD-500, turns it less practical for routine usage, comparing to Inlight™ system.
Keywords: OSL dosimetry; VMAT,; Al,O3:C.

1. Introduction

Radiation Therapy uses ionizing radiation for
treating malignancies and seeks the extermination
of tumor volume, exclusively or associated with
other therapies. It has one of the most complex
configurations in the health care sector, within
equipment arrangement, technologies involved and
it is still subject to major technological advances'™.
In addition to the curative effect, this type of
treatment is also an effective option of palliation
and symptom control in recurrent cancers or
advanced stages, minimizing suffering and
providing better quality of life for patients4.

In modern radiotherapy, many efforts are being
invested to improve dose distribution lines, as well
as the integration of imaging techniques for
tracking tumors and correction of variations in
between and intra fractions®. Among them, can be
highlighted the Intensity-Modulated Radiation
Therapy (IMRT), Stereotactic Radiation Surgeries
(SRS), Volumetric Modulated Arc Therapy (VMAT),
among others, all of them followed by image
guidance.

The VMAT technique has become a successful
treatment alternative. It works delivering intensity-
modulated Radiation therapy (IMRT), also
providing shaped formed beams, whereby the
continuously-on fluence radiation is delivered with
one or more rotations of the gantry of a linear
accelerator equipped with Multileaf collimator
(MLC), while the dose rate and gantry speed vary
continuously6’7. Comparative studies between
IMRT and VMAT plans have presented that VMAT
minimizes treatment time, reducing uncertainties
associated with patient movement, and surround
tissue toxicitys.

Due to its complexity, a quality assurance
program must be established by evaluating, among
other items, the dosimetric factors. The dosimetry
of ionizing radiation is essential for the radiological
protection programs, for quality assurance and
licensing of equipment. The treatment planning and
dose delivery verification is essential to maintain
the integrity of patient treatments and equipment.
Several organizations recommended maximum
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values range of £5 % for the total uncertainty in
dose deliveringg’m.

The main type of dosimetry used in modulated
radiotheraPy dose verification is ionizing
chambers''. However, studies have proposed
luminescent materials by TL and OSL techniques
as efficient tools to this type of quality control. The
Dosimetric Materials Laboratory of IPEN has been
developing works related to clinical dosimetry of
electrons and photons using LiF:Mg,Ti and
CaS0,:Dy dosimeters™™. The latest research of
the Institute has involved the same dosimeters for
IMRT and VMAT dosimetry™®"®.

The aluminum oxide (Al,O3:C) has provided good
results as luminescent detector'®. There are
several ways of presenting dosimeters using
aluminum oxide, as well as the readers needed to
evaluate the OSL signal. Studies using Al,O3:C as
OSL dosimeters been accomplished, however the
number of published articles is small and the lack
of established protocols and characterization of this
OSLDs remain the main obstacle for its
popularization in clinical dosimetryzo.

In order to generalize the use of OSL dosimetry
in radiotherapy, Landauer Inc. (Landauer, Inc.,
Glenwood, IL) has developed a simple and efficient
commercial system for use in dosimetry OSL,
known as Inlight™ system21. The system, used for
individual monitoring radiation protection, has been
tested with radiotherapy dosimetry purposes with
good results®®?. Rexon™ components and TLD
Systems, less widespread, also produces Al,O3:C
dosimeters (TLD-500) and reading systems.
However, these pellets can be characterized with
other readers®.

This paper aims to compare the performance
between the OSL aluminum oxide nanoDot™
dosimeters (Inlight™ system) manufactured by
Landauer Inc. and TLD-500 Al,O3:C dosimeters
manufactured by Rexon™ TLD Systems for VMAT
dosimetry using an anthropomorphic phantom.

2. Material and Methods

2.1. Materials

In this study, were used 25 nanoDot™
dosimeters. The nanoDots are 5 mm diameter,
0.2 mm thick diskshaped Al,O3:C, encased in a
light-tight plastic with dimensions of 10x10x2 mm?.
The samples were granted by SAPRA Landauer
Servicos de Acessoria e Protegdo Radioldgica,
representative of Landauer Inc. in Brazil.

It were also used 15 AlLO3;:C TLD-500
dosimeters manufactured by Rexon™ TLD
Systems. The TLD-500 dosimeters are 5 mm
diameter and 0.9 mm thick. No plastic or specific
covering for this dosimeters are supplied by
manufacture, so in order to keep all dosimeters out
of light during measurements, the pellets were
protected using aluminum paper.

2.2. Equipments

For nanoDots readout, it was used the InLight™
System microStar™ reader, from Dosimetric
Materials Laboratory — LMD/IPEN. It uses Light
Emitting Diodes (LED) emitting light at a
wavelength of 532 nm (green) as the light source of
stimulation®'.

The TLD-500 were evaluated in a RIS@ TL/OSL-
DA-20 reader from LMD/IPEN. The reader was
equipped with the standard PMT tube bialkali EMI
9235Q8B, 90 % intensity of blue LED light source
was used as OSL stimulation, and Hoya U-340
(7.5 mm thick, 45 mm diameter) filter.

2.3. Irradiation Systems

For preliminary performance tests, a 4T
geometry gamma source of Y¥cs (Activity of
38,11 GBq in 17 April 2014) from LMD/IPEN, was
used. All measurements were performed free in air
at electronic equilibrium conditions.

For clinical dosimetry measurements, both
dosimetric systems were calibrated using 6 MV
photon beam from a VARIAN™ NOVALIS TX at
Sirio-Libanés Hospital (HSL). The characterization
measurements were carried out within depth of
maximum dose.

2.4. Bleaching Treatment

The optical annealing treatment for reutilization
of the samples were fulfiled using a Ourolux®
1,3 watts of power lamp, composed of 30 blue
LEDs.

2.5. Methods

The TLD-500 were selected according to their
1sgnsitivity and repeatability better then £5 % to

Cs. Each nanoDot comes with a labeled
sensitivity. In effect, this value is a batch sensitivity
similar to that used for TLD’s. This factor depends
upon the amount of dosimetric material (Al,03:C) in
each nanoDot. In radiation therapy, this is tyfically
referred to as the repeatability of the device ®. So,
in order to “screen” the dosimeters and ensure that
the OSL responses are all similar, they were also
selected according to their sensitivity and
repeatability better then £ 5 % to ¥es.

In clinical characterization, dosimeters were
irradiated in a linear accelerator VARIAN™
NOVALIS TX at Sirio-Libanés Hospital (HSL) for
6 MV photon beam, in the dose range from 25cGy
up to 300 cGy using solid water SW phantom.
Irradiations were carried out in depth of maximum
dose, with set up field of 10 x 10 cm? and source-
skin distance (SSD) of 100 cm.

An anthropomorphic phantom CIRS™, model
Stereotactic End-to-End Verification “STEEV” was
used to simulate a VMAT tumor treatment. This
tissue equivalent phantom has a removable skull
vertex that provides access to a rectangular brain
cavity that receives interchangeable quality
assurance (QA) and dosimetry inserts. This way, it
is possible to simulate treatments throughout the
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region of head, brain and neck with greater
anatomical rigidity and reliability.

The tumor volume to be treated with a VMAT
planning was determined by one of manufacturer’s
QA inserts, which has a tumor tissue equivalent
mass. This accessory has perfectly adjusted
geometry for fitting tight into the phantom. In need
to accommodate the dosimeters into this tumor
volume, small molds of dental wax were developed
to fix the dosimeters in the central position of the
target volume. Figure 1 A and B shows the molds
for nanoDots and TLD-500 respectively. Figure 1 C
shows ‘STEEV’ phantom with opened skull and QA
inserts ready to be fitted together.

[ s——

Figure 1. Details of phantom adjustments used. A) Mold of
dental wax for accommodation on nanoDot dosimeters into the
center of QA insert. B) Same type of mold for TLD-500
dosimeters. C) STEEV phantom with opened skull and QA
inserts ready to be fitted together.

A Computer Tomography scan was performed
for brain tumor treatment planning with eyeballs,
chiasmus and brainstem protection (Figure 2). For
VMAT planning it was used the Varian Eclipse™
10.0 planning system, Varian RapidArc™
technology and Varian AAA™  calculation
algorithm. Considering the incentive to assess the
dose with relatively small pellets, the grid resolution
used in the calculation was 1 mm.

After planning done, the treatment was delivered
using nanoDots and TLD-500 dosimeters
separately (Figure 3). This process was repeated
five times to improve statistics to the research, and
by the fact that it was possible to engage only one
dosimeter at a time.

The irradiations were done in order to verify the
performance of the Al,O3:C dosimeters and their
agreement with VMAT Eclipse 10.0 planed
treatment.

Each presented value of absorbed dose is the
average of the five dosimeters measurements, and

the error bars present the standard deviation of the
mean. NanoDot read outs were carried out using
microStar reader and response-to-dose

calculations using microStar software.

&

Figure 2. Dose distribution in the ‘STEEV’ phantom provided
by Eclipse 10.0 planning system.

TLD-500 calculations were done with the
Microsoft Excel 2016 software. The calibration
curves were plotted, without showing the error bars
when the experimental errors are smaller than the
data points, using OriginPro 8.1, that also provided
the fit curves and its parameters.
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Figure 3. Set up of dosimeters irradiation using ‘STEEV’
phantom patient and linear accelerator VARIAN NOVALIS TX of
HSL.

3. Results

The OSL dose-response curves for both Al,O5:C
dosimeters to linear accelerator NOVALIS TX in
the absorbed dose range from 25 up to 300 cGy
are presented in Figures 4 and 5. This particular
range was chosen by the linearity of response of
both materials and for its applicability to
radiotherapy using conventional fractionation (1.8
to 2.0 Gy per fraction).
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One can observe the expected linear behavior of
OSL response of both type of dosimeters to the
dose range studied.
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Figure 4. OSL dose-response curve of Al,0;:C nanoDot
dosimeters to linear accelerator NOVALIS TX of HSL.
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Figure 5. OSL dose-response curve of Al,O;:C TLD-500
dosimeters to linear accelerator NOVALIS TX of HSL.

Using the calibration factors obtained by the
slope of both linear fitted curves, the maximum,
minimum and average absorbed doses evaluated
by Al,O3;:C dosimeters are showed in Table 1,
along with Eclipse 10.0 calculated doses to
dosimeters volume.

Table 1. Mean, Maximum and Minimum doses given by
VMAT planning system and measured for Al,O5:C dosimeters

volume.
Absorbed Doses (cGy)
Dimean Dimin Dinax
Planning System 203.7 202.4 205.8
nanoDots 204.2 201.6 205.5
TLD-500 201.2 198.7 208.8

The variation of maximum and minimum doses
from Eclipse planning system show the
homogeneity of planned delivered doses into
dosimeters volume (~0,1 cm?®). The minimum and
maximum values measured for the dosimeters
show the variation in between the different
measurements.

The deviation between the mean absorbed
doses given by planning system and measured
with  Al,O3:C dosimeters was +0.32% for
nanoDots, and - 1.13 % for TLD-500. The planning
homogeneity and the agreement between the

mean absorbed doses obtained with the Al,O;:C
dosimeters are shown in Figure 5.
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Figure 5. Planning homogeneity and the agreement between
the mean absorbed doses obtained with the Al,O0;:C dosimeters

4. Discussion

Though the analysis of Table 1 and Figure 5, it
can be noticed that the nanoDot measurements are
fitted within the homogeneity of the planned
treatment, and, despite a larger variation from TLD-
500, all obtained values for this dosimeter vary less
than + 3 % from the mean dose planned.

It can be notice as well the good accuracy and
capability to characterize the OSL response of
TLD-500 using the RIS@ TL/OSL reader. For
nanoDots, the lower values on deviation of the
mean, and deviation from mean doses planned can
be explained by a possible better selection from
manufacture, Al,O5:C production accuracy, and a
great characterization among all the InLight System
(nanoDots and microStar reader).

Other fact that can cause less dispersed values
of absorbed dose is the considered absence
angular dependence of OSL response of nanoDots
to 6 MV photon beam®, an unsure property of
TLD-500. Further studies will be performed to add
more repeatability and accuracy to OSL response
of TLD-500 measurements.

5. Conclusions

The results showed that both type of Al,O;:C
dosimeters presented good repeatability and
agreement between the dose measured and the
treatment planned prescribed doses by Eclipse. All
uncertainties were within +2.5%, so both
techniques met the international performance
requirementsg'm.

However, the need of sophisticated readers to
OSL analysis of the TLD-500 turns it less practical
for its usage and routine application. In addition,
due to its versatility, the InLight™ System
(nanoDots and microStar reader) can be applied as
a useful tool for dose verification in VMAT planning
treatments and routine dosimetry.
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