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The IMRT (Intensity Modulation Radiation Therapy) and rapid arc give uniform de-
sired dose distribution to the target volume with adequate sparing of the nearby criti-
cal structures. The portal dosimetry system and 2-D array system are widely used as
relative dosimetry detectors, because of their consistency in results, less time con-
sumption, and ease of use. In the current work, twenty cases of dynamic IMRT plans
were selected for the patient-specific QA (Quality Assurance) study using portal do-
simetry and a 2-D(Two Dimensional) array set square pattern ,spaced 10 mm apart
across the entire measurement area using Detectors Number 729 (Planar dose compar-
ison was carried out with gamma criteria of 3% -3 mm (DTA)(Distance To Agree-
ment). For the portal, dosimetry system area gamma, passing the 3%-3mm gamma
was chosen. The current study Varian Linac Unique at El Hussein Hospital Electronic
Portal Imager Device (EPID) is a flat panel X-ray imager with a large area active ma-
trix readout structure, made up of phosphor or photoconductor. The 2-D array system
consists of 1020 parallel plate ion chambers arranged in a 32x32 grid, with an inter-
detector spacing of 7.619 mm. Each detector has a diameter of 4.5 mm, a height of 5
mm, and a chamber volume of 0.02 cc. IMRT in pre-treatments to help select Py%< 1
point and relevant transition criteria to assess the reproducibility of treatment frac-
tions. Compared to a 2D Array system., although the 2D array has limited sampling
capabilities. The portal dosimetry soft for portal imager device (EPID) has a good
result for breast cancer plan evaluation versus 2D array results and agreement with
international publish data, in addition, reduces the time for calibration due to there is
no need for extended cable for measurement is compared with a 2D array

Graphical abstract

* Corresponding author

E-mail address: afnanelhaggar@gmail.com

DOI: 10.21608/1JTAR.2023.203392.1048

Special issue "'selected papers from the 2" International Conference on Basic and Applied Science (2"¢ IACBAS-2023)"



https://ijtar.journals.ekb.eg/

Mohamed et al.

296

1. Introduction

Although sophisticated means to calculate and deliver
modulated dose distributions have been developed,
means to measure the actual dose delivery using 2D
(two-Dimensional) arrays, and Electronic Portal Imag-
ing Devices (EPIDs) are often relatively cumbersome.
In addition, these detectors are generally used for stand-
ard tests in pretreatment conditions to verify the dose
map in homogeneous standard phantoms. [1-2], the
steep dose gradients associated with IMRT, in vivo ver-
ification of dose distribution in multiple therapeutic
sections, is prudent to ensure patient safety. Although
sophisticated means for calculating and delivering
modulated doses have been developed, means to verify
their actual distribution using X-ray films, 2D arrays,
and electrical portal imaging devices EPIDs are often
relatively cumbersome. In addition, these detectors are
commonly used for standard tests under pretreatment
conditions to verify dosages of primary homogeneous
standard specters. EPID appears to be a valuable tool
for in vivo quality (Quality assurance internal) assur-
ance purposes [1-4] in particular, to ensure beam cen-
tering by visual inspection. However, there is no direct
and practical method to check the exact position of the
patient, the exact position of the leaves, and the dose
measurement during the treatment In some institutions,
methods for determining the distribution of the patient-
passed port dose have been developed to obtain com-
parisons between planned and replicated dose distribu-
tion in patients [5-7]. Indeed, if the accurate electron
density information in the CT scanner is indeed repre-
sentative of the patient at the treatment site and the dose
calculation of the Treatment Planning System (TPS)
under the patient is accurate, can compare online portal
doses calculated and measured the Field Of View
(FOV) of CT (Computed Tomography), to detect uncer-
tainties of doses or alterations in patient focus. Unfortu-
nately, first-generation liquid-filled array (LiFi) ion
chambers and camera-based fluorescent EPID soften
produce images with poor contrast and limited stability,
the latter being due to temperature fluctuations and ra-
diation damage. In addition, the non-linear dose-
response and field size-dependent optical photon propa-
gation make them difficult to calibrate and use clinical-
ly. The third and newer EPID layer uses amorphous and
more efficient silicon

2. Materials and Methods

In the current study Varian 6MVlinear accelerators
unique model at El-Hussein hospital (Varian Medical
Systems, Palto Alto, CA) UNIQUE Multi-leaves shap-
ing system (80 MLC) implemented with amorphous
silicon detectors, a-Si1000 is used. The Varian a-Si
EPID consists of 1 mm copper plate,
134 mg/cm2 gadolinium oxysulphide phosphor screen
with an active area of 40 cm x 30 cm a-Si arrays. The
EPID differs in the spatial resolution of the device us a

Si-1000 is 0.391 x 0.391 mm?. The linear accelerators
are connected with Treatment Planning Systems (TPS)
(Varian Medical System, Palto Alto, USA version 15.1,
algorithm:; PDIP-11031)

The PTW 2D array (Dosimetry company - model
dosimetry system for relative evaluation and verifica-
tion for IMRT dose) is equipped with the 2-D array
system consisting of a 1020 parallel plate ion chamber
arranged in a 32x32 grid, with an inter detector spacing
of 7.619 mm. Each detector has a diameter of 4.5 mm, a
height 5 mm, and a chamber volume of 0.02 cc. the
reference point is located 0.5 cm from the 2D array sur-
face. Spaced 1 cm apart, the 2D array's external dimen-
sions are 30 x 42 x 2.2 cm3, and the surrounding mate-
rial is polymethyl methacrylate (PMMA). The 2D array
system (mass 2.4 kg) consists of the chamber array it-
self, which also accommodates part of the electronic
device, the array interface, and a data acquisition board
for the personal computer.

3. Results

Table 1. Pretreatment verification using the model com-
pared to 2D array dose at 10 cm depth.

Case No. EPID % 2D array %
1 97.85 100
2 98.2 100
3 98.5 99.5
4 99.1 100
5 98.52 100
6 98.13 100
7 97.95 99.8
8 99.2 99.6
9 99.4 100
10 98.95 100
11 99.5 100
12 99.6 99.8
13 98.78 99.6
14 99.6 99.56
15 98.96 99.75
16 98.65 100
17 99.6 100
18 98.95 99.65
19 98.6 99.6
20 98.6 100

Mean 98.1(1.5) 100(0.0)
(SD)

The first step starts with testing the EPID against 2D
array and some parameters may be affect on the accu-
racy of measurement.

As shown in Fig.1 the dose rate for linear — there is no
difference in response of portal imager in compared
with the standard tool for calibration 0.6 cc chamber
for Dose measured variations in between treatment
planning system versus both dosimetry system (portal
and 2D array system) for 20 breast cancer patients.
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Fig. (1): the response of the EPID output for different field
sizes from 3x3 cm to max field size 30x30 cm in compared
with 2D array and TPS.

As shown in Fig. 2 the comparison for different
field sizes between TPS, EPID, and IC minimal
variation with no significant values between the
date calculated and measurements using
IC(lonization Chamber) and EPID for abolute
dose.

As specified by the manufacturer, the 2D array
supplies dose measurements with high reproduci-
bility in a range between 0.2 Gy and 10 Gy and
dose rates in a range between 0.5 Gy min* and 8
Gy min, with a resolution of 1 mGy min-* (using
a display cycle that can be selected from between
400ms and 999 ms). Comparing these results with
those obtained by the dose characterization of 2D
array PTW, it is possible to conclude that the
PTW 2D array presents minor dose rate depend-

Fig. (2): Different field depends on comparison between

EPID, Treatment Planning System, and

lonization

Chamber

ence as compared to 2% or 3% for n-type or p-
type diodes.[8] However, in a recent paper a
comparison of the dosimetric characteristics of
the 2D array PTW, the more recent PIX (Pixel
ionization chamber prototype) shows that these
2D arrays are good tools for the quality assurance
and verification of the IMRT plans in the pre-
treatment step.[8-10].

For data measured for 20 breast cancer patients
for both systems, there are now differences in 2D
array data as average for all patients with 98.7%
+1.2 pass values for 3DTA /3mm and data for
Portal dosimetry system 98.4 %=+1.65 passing
values for the same criteria of acceptance for ver-
ification for all breast cancer cases. there is no
significant variation P-0.025 [11].

Breast plan IMRT - using treatment planning system: -

Fig 3. The Axil view for breast IMRT plan and field orientation



Mohamed et al.

298

Dose VVolume Histogram (DVH) for breast IMRT plan:

Dose |Gy]
(] 5 10 15 20 25 30 35 40 45 50
100 M
2,
@ \
£ 80
= \
=]
=
@
= 60 i
=
L=
)
=
il 40
facd N )
t<] \
° ANEN
=
s 20 &
o
2 N BN
o -
o FEA e ;Rg:77
old L
0 10 20 30 40 50 60 70 80 S0 100
Relative dose [%]
DVH Structu re Structure Status Coverage [%/%] Volume Min Dose Max Dose Mean Dose Modal Dose Median Dose Std Dewv
GTV Epproved 100071000 6.9 o 974 % 054 % 1009% T011% 1009 % 1%
—_ PTV Approved 100.0/100.0 40.7 em® 825 % 1071 % 100.5 % 1011 % 100.9 % 22%
Heart Approved 100.0/100.0 359.0 cm*® 00% 1.7 % 02% 01% 02 % 02%

D | siended: Cormposte
(O Thu 2/16/2023 13:57
1| MV_0_0a5
(4] Mv_0_o0a3
i] MV_0_0a7
] Mv_0_0a2
)| MV_0_0at
i MV_0_036

Gamma (3.0 %, 3.0 mm)

Abs. Dose Dfferance
Max, Dose Dfference
Avg. Dose Diference
Area Dose Df > 1.0 %
Ar02 Doss DFF > 1.5 %

W amma
Average Gamvma
Ar9a Gamma > 0.8
Area Gamma > 1.2

Fig. 4 : the evaluation screen for breast cancer as composite plan for all field summary results A. and for single

field result B.

4. Discussions

Advanced technology is needed for dosimetric quality
assurance (QA) programmers in complicated radiation
treatment plans like IMRT .However, for IMRT, a pre-
treatment control of the estimated dosage in standard
phantom for each beam is required in addition to a
complete program for the QA of the LINAC, the simu-
lator, the TPS, and independent checks of radiation
treatment parameters (distances, field size, etc).[12-14]

In many centers, 2D arrays, like the PTW here present-
ed, are used for pretreatment verification dose calcula-
tion for the beams chosen for breast cancer patient ther-
apy. However, because to the time-consuming nature of
this verification before the treatment, the radiation cen-
ter operations are needed for 10 or 30 minutes, depend-
ing on the number of fields .

The pretreatment verification of the dose calculation for
the beams selected for patient therapy is carried out by
2D arrays as the PTW was reported for breast cancer in
the current study. However, this verification requires a
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lot of work before treatment, which interrupts the ac-
tivity of the radiotherapy department for 15 min or 30
min, depending on the number of fields. To avoid such
interruptions, this verification is not repeated in the fol-
lowing fractions of the therapy. It is the current study
that pretreatment verification is a very important meth-
od for the evaluation of dose calculation with a Treat-

2 D array measurement for breast case  210240270300430% 0V 306090

Relative Comparison

Difference (%) 30
Distance (mm) 30
Threshodd (%) oo
Meas Uncertainty Yes

Summary (Gamma Analysis)
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ment planning system, while it could also be accurate to
check the following fractions of the therapy to verify
the constancy of the following: [15-17]

(1) The accuracy of dose delivery

(2) Correct patient positioning to verify patients' uncer-
tainties during the treatment sessions.
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Fig. 5. The data results for the same case using 2 array system

EPIDs are probably the most effective and easy devices
for IMRT verification and dosimetry These detectors
can provide high-resolution and highly efficient planar
dose maps. However, further developments are under-
way for the deployment of this technique into routine
clinical practice.

In the current study, the 2D array dose detectors could
be used together with EPIDs for complete for QA pur-
poses. The PTW 2D array here examined is a practical
detector for radiotherapy verification even if the ion
chamber spacing of 1 cm results in a limited sampling
of the radiation beam. However, this limitation does not
seem to affect its possible use to accurately check sev-
eral dose points. The dose calibration for the 2D array is
stable and easier not more than portal dosimetry. For a
small number of MUs (>10), the IMRT technique a
high level of dosimetric accuracy as shown in Fig 4 and
5. Moreover, this array seems to be a water-equivalent
detector.[18]

The 2D array was implanted in a TPS for the IMRT
portal dose calculation using a slab of water-equivalent
material. This way, the software for 2D array was real-
ized to extract from the TPS the maps of portal doses on
specific planes in the FOV for Breast plan and more
effective than portal dosimetry. In addition, in some
studies portal dosimetry is affected by dose rate some
results deviation within the limit due to low dose rate
and larger FOV for breast cases.[19]

In irradiation of a phantom with IMRT beams and
measuring portal doses with a 2D array with high spa-
tial resolution, we have determined that the TPS Eclipse
supplies a dose computation with a P,<; > 96% of portal
dose points with acceptance criteria of ADmax = 3. %
and ddmax = 3 mm. in current comparison between the
calculation dose and measured portal dose values by the
2D array. The number of chambers that found a dose

calculation within the acceptance criteria and limited is
more than 95%. In other words, the good agreement
observed between the measured dose profiles obtained
in standard phantoms by the 1D array LA48 and the 2D
array (ADmax = 2% and ddmax = 2 mm) justifies the 2D
array's Py<; > 95%. We think that the discrepancies are
due both to the accuracy level of the portal dose calcu-
lation as well as the grid (2.5 mm) used the sampling of
the dose points between the different portal dose pro-
files. the 2D array presents a limited sampling capabil-
ity, it is our opinion that the observation of about 1000
points (200 per beam) is enough for a detailed evalua-
tion of the portal dose reproducibility in many fractions
of the therapy.(19) This kind of verification can be car-
ried out during the treatment, positioning the 2D array
in a particular jig that can follow the rotation of the por-
tal vision. The effect of 5-mm shifts of the Breast al-
lows one to estimate a decrease of P,<; to 90% of points
inside the acceptance criteria of ADmax = 3% and dUmax
= 3 mm. This result can be useful for the verification
QA. (20) Moreover, the procedure allows the observa-
tion of an incorrect angular position of the MLCs.
Shown a drop of Py<; to 87% when an error of 5° in the
rotation of the beam collimators was simulated. [20]

5. Conclusions

-In conclusion, the methods tested here based on IMRT
breast irradiation can be used in breast cancer if the
dose calculation is within the scanners' field of view.
We intend to use it for IMRT in pre-treatments to help
select Pvalue%< 1 point and relevant transition criteria
to assess the reproducibility of treatment fractions.
Compared to a 2D Array system, although the 2D array
has limited sampling capabilities, we believe that ob-
servation of approximately 1,000 points (200 per beam)
is sufficient for a detailed evaluation of portal dose re-
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producibility across multiple treatment fractions. This
type of verification can be performed during treatment
by inserting the 2D crosshair into a special device that
can track the rotation of the portal view.

- In current comparison the portal dosimetry soft for
portal imager device (EPID) have a good result for
breast cancer plan evaluation versus 2D array results
and agreement with international publish data. in addi-
tion, reduce the time for calibration due to there is no
need for extended cable for measurement in compared
with 2D array.
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