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Abstract

The goal of radiotherapy is to deliver prescribedalto the target volume and simultaneously mirentie dose to the
healthy organs. The purpose of this work was tafwahe accuracy of calculations carried out withtraatment
planning system (TPS). Measurements carried oui thiermoluminescence detectors (TLDs) were compaiitu
doses calculated with TPS. Doses were measuredaoalated both in the open beam’s region and umavidual
blocks. Measurements were performed in the Randapima The work was carried out for photon beamseggrd in

the Varian CLINAC 2100C accelerator. The maximumihimum percentage differences between measured and
calculated doses were 4.9/0.6%, 2.6/0%, and 3.5%/0n open, shielded and partially shielded poirgspectively.

Differences between the measured and calculatessdesre within acceptable limits.

Key words: treatment planning system; radiation dosimetrgrmoluminescence; shielding blocks.

Introduction

The ultimate goal of radiotherapy is to deliver @seribed
dose to the target volume with minimum dose to hbalthy
tissues. There is a high demand for accuracy imtiaerapy.
Even small deviations of delivered dose from pribsc one
may have significant influence on the probabilifycore and
probability of complications. The dose needed toe tocal
control of the disease and the dose tolerated hithetissue
provides a narrow therapeutic window. Studies Haove that
variation of 5% in dose resulted in 10-20% changethie

tumor control and in the normal tissue complication

probabilities were from 20-30% [1,2]. It is expetthat the
uncertainty of dose delivery should be less than G%o
standard deviations) [3].
recommended that the dose uniformity in the taoggan must
be within uncertainties range -5% to +7% [4]. Treant
planning is a multistep process, whose complexégethds on
many factors. Therefore, verification of accuracly dose
delivery is essential in radiotherapy daily praetéamd allows to
minimize the likelihood of accidental exposure @, Some

studies have been done for solving specific problem

associated with TPS performance and dose calcnl§fie9].
For the purpose of testing, commissioning and QATBf,
IAEA has published technical Report 430 [10] thedvides a
large number of tests and procedures. TPSs usereatfitf

ICRU Reports 50 and 62

algorithms including Pencil Beam Convolution (PBC),
Analytic Anisotropic Algorithm (AAA) and Monte Canl
Simulation for planning [11,12]. A comprehensivecdment
on the treatment planning quality assurance wasddseloped
by Task Group 53 of the American Association of $igts in
Medicine. In this report it postulated to keep theerall
accuracy of the dose delivery within + 5% [13,1#]. the
process of treatment planning the dose distribusooptimize

to deliver the prescribe dose to target volume, dtieisable
dose distributions with a given treatment stratetgydeliver
maximum dose to the target and very low dose twthans at
risk (OAR) [15-17]. For saving the OARs the shagethe
fields are conformed to the target volume with iledf
collimators or customized Cerrobend blocks [16,17].
Thermoluminescence dosimetry has been in use fanyma
decades and has valuable applications in vari@ldgsfi such as
personal, environmental, medical, archeological genlogical
dating [18-20]. Dosimeters like thermoluminescent,
photoluminescent, optically stimulated luminescemetal
oxide semiconductor field effect transistor, elenic portal
imaging device, radio-chromic and photographic $ilare in
use for the last few decades for radiation dosiynft®-22].
Most often the thermoluminescent TLD-100 (LiF: MG) is
used. It has an effective atomic number of 8.2 Igezqual to
that of the soft tissue (7.4); therefore, TLD-10eracts with
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radiation in the same way as a tissue does. Dubetsmall
size of the detectors, they can be placed easiljeatequired
position inside the phantom [23, 24].

In the study performed by Terohdl al. [25], the absorbed
dose to the thyroid during chest wall radiotherapgs
estimated to be 8% of the incident dose, compacedhé
previously performed study by M. Butanest al. [26].
Tahirkhaniet al. [27] evaluated the physical characteristics of
Cerrobend blocks in radiotherapy and showed tha th
Cerrobend blocks are as almost efficient as thetiMehf
Collimators (MLCs) for some cases to protect OARs.

In the present study doses measured with TLD tmteand
calculated with a treatment planning system wenmpared.
Doses were measured in the anthropomorphic Randopha
Doses were calculated in the Eclipse treatmentaignsystem
(Varian).

Materials and Methods

Randophantom

For clinical test cases, the commercially available
Randophantom was used. The Randophantom is made of
completely human equivalent material having borngsue,
lungs and air gaps. It is composed of 35 slicesh wiice
thickness of 2.5 cm. Every slice contains a gridhofes in
which TLDs can be slipped in for measuring the atdn
doses at various locations.

Dosimetry system

Absorbed dose measurements were carried out
thermoluminescent dosimeters TLD-100 chips manufact
by Harshaw chemical Co, Solon, USA. Annealing dfthé
detectors were carried out at 400°C for one haligwed by 2
hours stay at 100°C in an electric furnace. Aftedsa TLDs
were kept at room temperature. The time betweensxg and
read was kept constant (48 hours) to minimize theinf
effect.

with

Linear Accelerator

A high energy linear accelerator Varian CLINAC 2000
installed at Institute of Nuclear Medicine Oncolognd
Radiotherapy (INOR), Abbottabad, Pakistan, was tisedose
delivery with photon energies of 6 MV and 15 MV pds.

Calibration of the detectors

The annealed TLDs were exposed to a known dose00f 5
mGy from a 60Co source repeatedly in a Secondagdard
Dosimetry Laboratory, Institute of Nuclear Scienemd
Technology (PINSTECH), Islamabad. The detectoreewead
out using Thermo Scientific Harshaw 4500 semiautama
TLD reader installed at Radiation Dosimetry Group,
PINSTECH. TLDs having nearly identical response awver
grouped together as group 1 (45 TLDs) group 2 (2BS) and
group 3 (13 TLDs). The linearity of these selectedectors
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were checkedby exposing these detectors to a rahgeses
from 200 mGy to 2000 mGy with a step of 200 mGy.

Treatment sites

For all the selected treatment sites i.e. Acute jlyablastic
Leukemia (ALL), Naso-Pharyngeal Carcinoma (NPC) and
Hodgkin Disease (HD), case-wise number of utiliZédDs are
given inTable 1

Treatment plans

A Randophantom was scanned with a Computed Tombygrap
(CT) unit. The CT images were transferred to Eeig$sS,
installed at Institute of Radiotherapy and Nuclé&dicine,
Pakistan through Digital Imaging and Communicatidns
Medicine (DICOM). The head and neck cases were rethn
with a slice thickness of 3 mm; while, the pehabdomen and
chest cases were scanned with a slice thickneSayoh. In all
cases, Planning Target Volume (PTV) and OARs weagked
according to ICRU 50 and 62 protocols. Customizsdlgding
blocks were prepared using Styroformer (Huestis iv&d
Styrofoam cutter) machine installed at INOR. Thealavas
calculated according to IAEA, TRS, 398 with ionipat
chamber and electrometer (PTW: UNIDOS E Universal
Dosimeter). All treatment plans were simulated withe
conventional simulator. The detectors were placedtha
selected slices in specified locations within tfEm&ophantom.

Dose Delivery and Measurement

The plans were executed by irradiating the Randaigina
using 6 MV and 15 MV photon energies. The Case ¥ wa
irradiated with standard Prophylactic Cranial liegidn (PCI)
field with two parallel opposed fields 6 MV phottweams of
22 x 19.5 cri The organs at risk (OAR) were shielded with
customized Cerrobend blocks. Similarly, the Casew2es
irradiated with two parallel opposed lateral bearh§eld size
19.4 x 18 crhand one Anterior Lower Neck (Case 2b) of field
size 25 x 6 crh The Case 3a and 3b were irradiated with A/P
Mantle field and A/P Inverted Y fields by using W8/ photon
beams of field size of 34 x32émand 26 x 20.5 cf
respectively. The doses were normalized at theeigec for
each case. The detectors were placed in opendstieind
partially shielded positions within the irradiatimglumes. The
conventional dose delivery regime in radiotherapysw
followed i.e. 200 cGy per fraction, in all the s sites.

Table 1. Case-wise number of TLDs utilized in the studof each
case.

Case Case Study Number of TLDs
Case 1 ALL 10
Case 2a NPC 9
Case 2b AnteriorLowerNeck 13
Case 3a Mantle Field HD 27
Case 3b Inverted Y Field HD 22
Total 5 81
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Results

The three groups of TLDs used for determinatiormlosorbed
dose in the study possessed a linear response expased to
a dose from 200 mGy to 2000 mGy with a step sizQif
mGy, as shown inFigure 1. It was found that the TLD
responded linearly with a regression coefficierfl) (5 0.966,
0.990 and 0.991, and exhibiting standard deviatiba8.1%,
+5.0% and #5.5% in the response of each batch db,TL
respectively. The calibration factors (0.201, 0.221d 0.244
mGy/nC) of each group have been obtained. The iihaia
calibration factors were used for dose determimatio
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Figure 1. Linearity plots of TLD-100 for a) Group 1, b) Group 2,
and c) Group 3.

Case 1: Acute Lymphoblastic Leukemia

In this case, the shielded organs (lens, sinuselspibit) doses,
as recorded by the detectors are compared witfT B& point
doses. Both were almost the same with negligiblegrgage
difference, as shown ifable 2, and subsequently plotted in
Figure 2. In the case of open target (unshielded), whonbr
up to C2, the percentage difference between measiases of

Table 2. Average response of the TLD and TPS point dose cGy
for Acute Lymphoblastic Leukemia (ALL).
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the detectors and the calculated dose by the TR&E 2v8%, as
shown inTable 2

The percentage difference between TPS calculatddraD
measured doses were within the recommended liivetsless
than 5%, which showed that the calculation agreét the
measurement. Moreover, in case of the partiallyelded
regions, the dose near the shielding blocks (dratis$ neither
fully shielded nor fully open) as measured by tke&dtors and
calculated by TPS were within the acceptable rande
percentage difference i.e. 3.3%.

Case 2a: Naso-Pharyngeal Carcinoma
The shielded organ dose measured by the detectdrEdipse

point doses of TPS were in good agreement with max.

percentage difference of 1.5%, confirming the dercglquality
of fabricated blocks and accuracy of dose calautati The
target doses as measured by the detectors andatettiby
TPS were also in good agreement with percentaderelifce of
3.0%. Likewise, in the partially (near the edgetef shielding
block) shielded sites the measured and calculabsgdwere
also in a good agreement with a percentage difterer 0.5%.
All the recorded data have been reporte@ldble 3 and plotted
in Figure 3.

Case 2b: Anterior Lower Neck

In order to treat the Naso-Pharyngeal Carcinoma,vthole
neck nodes were to be irradiated. Therefore, difederior
Lower Neck field was added to the two parallel cggabfields.
The 200 cGy per fraction dose was applied at Dmax.

Table 3. Average response of the dosimeter and TPSipbdoses
in cGy for Naso-Pharyngeal Carcinoma.

Position of Average Averag.e Resppnse Percentage Position of Average Averag_e Resppnse Percentage
) Response of  of Eclipse Point - . Response of  of Eclipse Point -
Dosimeters . Difference Dosimeters . Difference
Dosimeter Doses Dosimeter Doses
Open 196.5 (98.3%) 191 (95.5%) 2.8 Open 180.5 (90.3%) 174.5 (87.3%) 3.0
Shielded 20 (10%) 20 (10%) 0 Shielded 12 (6.0%) 15 (7.5%) 15
Partially Shielded 166.5 (83.3%) 173 (86.5%) 3.3 Partially Open 41 (20.5%) 40 (20.0%) 0.5
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Figure 2. Average response of the dosimeter and TR®int dose
for Acute Lymphoblastic Leukemia and their respective
percentage difference.
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Figure 3. Average response of the dosimeter and TR®int dose
for the Naso-Pharyngeal Carcinoma and their respeéte
percentage difference.
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Table 4. Average response of the dosimeter and the $Fn cGy
for Anterior Lower Neck.

Average Average Response

gggilg]c;r; eorfs Resppnse of  of Eclipse Point %?#Z?g;igee
Dosimeter Doses
Open 3.5cm depth 189.5 (94.8%) 179.8 (89.9%) 49
Shielded 17.5 (8.8%) 20 (10%) 13
Partially Open 0 0 0

Table 5. Average response of the dosimeter and the $Ppoint
dose in cGy for Hodgkin’s disease Mantle Field.

Average Average Response

ggiil::%:e?'fs Resp_onse of  of Eclipse Point %?#Z?Q;igee
Dosimeter Doses
Open 188.7 (94.3%) 195.7 (97.8%) 35
Shielded 16.0 (8%) 20.5 (10.3%) 2.3
Partially Open 0 0 0

Table 6. Average response of the dosimeter and the $Ppoint
dose in cGy for Hodgkin's disease for Inverted Y Fld.

Position of Average Averag_e Resppnse Percentage
) Response of  of Eclipse Point -
Dosimeters } Difference
Dosimeter Doses
Open 193.2 (96.6%) 194.4 (97.2%) 0.6
Shielded 16.0 (8.0%) 21.2 (10.6%) 2.6
Partially Open 118.3 (59.2%) 111.3 (55.7%) 35

The detectors were placed at 3.5 cm depth in an apsa that
recorded dose of 189.5cGy by the TLDs and thepEeli
calculated point dose was 179.8 cGy. The percerdidfgren-

ce between these two systems was 4.9%, which shaweod
agreement. The dose measured by the detectorsifdeceath
the block and the Eclipse point doses beneath lbekd were
also in good agreement with a percentage differefice3%,

as presented imable 4 and plotted irFigure 4.

Case 3a: Hodgkin’s disease Mantle Field
To treat Hodgkin's diseases using Mantle Field @uszed
blocks were used to shield both lungs. The dosesrded by

the detectors and calculated by the Eclipse TPSerund

(beneath) the blocks showed a percentage differeh@e3%.
Similarly, the measured and calculated dose in qpeget)
field was comparable with a percentage differerfc®.®%, as
shown inTable 5. The data has been plottedHigure 5.

Case 3b: Hodgkin’s disease Inverted Y Field

To treat the Hodgkin's disease in radiotherapy,tlaerofield
i.e. invertedY Field is also applied. The custordizdocks
were used to protect theOARs. In this case, the Q@#A&dder
and kidneys) doses were determined by placing #tectbrs
under the customized blocks in the correspondii@sl The
difference between the measured and calculated d@se
2.6%. Similarly, the target (open) doses and péartshielded
doses measured with the detectors and calculatéd VRS,
were found in a good agreement with a percentaffereince
of 0.6% and 3.5%, respectively, as shownTiable 6 and
plotted inFigure 6.
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Figure 4. Average response of the dosimeter and th&PS for
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Discussion

Precise dose delivery in radiotherapy is cruciat fbe
successful outcome of the treatment. Thereforeatiadi dose
verification has become one of the top clinicabpgties in the
quality assurances for modern radiotherapy. Inwugk TLD-
100 were used for measurement of the doses andacethp
with the doses calculated by TPS. The results stogeod
agreement between the calculated and measured. dbises
maximum differences between measured and calcutitse
in open field were obtained for Case 1 (ALL) ands€a&b
(Inverted Y). Comparison with TPS calculated dosasaled
percentage differences of 2.8% and 0.6%, respégtias
shown in Table 2 and Table 6. This showed a very good
agreement between the TLD measured and the TPGlatald
dose. The treatment of NPC showed a poorer agraemiin a
percentage difference of 3% between measured dodlaizd
dose in the target areas as showrTable 3. This might be
explained by using the customized blocks aroundéatget.

To consider the next region (shielded region, maxn dose
of 10% in case 1 was measured by the detector #sawe

Pol J Med Phys Eng 2018;24(3):109-114

measured and calculated doses were less than 3&olash
region considered in the study was the partialiglded region
dose. In this region, only three sites were seteteplace the
detectors in the vicinity of the blocks. The dosearded in
Case 2a by the detectors was 20.5% and calculsté&®$ was
20%, which have the least percentage difference.®%. In
Case 3b, a moderate dose of < 60%, was recordatioas in

Table 6. The maximum recorded dose by TLDs and calculated

by TPS was above 80% in Casel, indicating cardfiglding
of the OARs and careful irradiating the PTV to ace
maximum therapeutic benefits [28]. In the overaldy, it was
concluded that in most of the cases the dose neddiy the
detectors and calculated by the TPS under the blagke in
close agreement.

Conclusions

In this work, TLD-based procedure for the verifioat of
various treatment plans used in radiotherapy watede The
results of TLDs were compared with the doses catedl with
Varian Eclipse TPS. The results were well withine th

calculated by the TPS, having the smallest pergenta
difference. The OARs in this case were the orhit ¢re lens of
the eyes and received the dose far beyond itsatoterdose. In
all the remaining cases, the percentage differetestseen

acceptable limits.
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