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Abstract. Patient-specific quality assurance (QA) is an essential part of intensity-modulated
radiotherapy (IMRT) and volumetric arc therapy (VMAT) treatments. This study aims to
develop a Patient-specific QA system through the development of a fluence generating
programme and utilization of amorphous silicon (aSi) electronic portal imaging device (EPID).
The EPID was investigated on the dependency of dose rate, uniformity of detector sensitivity
and output factor. A fluence generating programme was written using MATLAB. Five simple
dynamic arc plans and one patient VMAT plan were created using the Monaco treatment
planning system which were used in the programme to generate fluence maps. The accuracy of
the programme was evaluated by performing gamma analysis between the generated and
measured fluence. EPID signal was found to be linearly proportional to dose (1-1000 MU) and
independent of dose rate. The mean uniformity ratio was 1.07 £+ 0.04%. The measured fluence
maps were corrected for uniformity before gamma analysis. Output factor and dose deposition
were taken into account in the process. The average result of the gamma analysis passed the
95% threshold. A fluence generating programme was developed, serving as the foundation of
the Patient-specific QA system using aSi EPID for IMRT/VMAT delivery in this centre.

1. Introduction
The Patient-specific QA is an important part of the IMRT, it ensures the accuracy of dose delivery due
to the high complexity of fields. EPID, which is incorporated with LINAC is used for setup
verification purpose. It was first used in 1991 for dose measurement [1] and the characterization was
done in various studies [2]. EPID was reported to be independent of gantry angle [3] and can be used
interchangeably with 2D or 3D arrays [3-5]. It also has a higher spatial resolution [6] and high image
contrast [7]. Amorphous silicon (aSi) based EPID is the most commonly used EPID nowadays [2].
PortalVision system developed by Varian (Varian Medical Systems, Palo Alto, CA, USA) enables
the use of EPID for patient-specific QA. However, this functionality is not available for some other
systems. Hence, centres with such systems may benefit from the development of a fluence generating
program. Performing Patient-specific QA using EPID requires two components: the predicted
response of EPID to energy fluence of the treatment and a calibrated EPID. For simplicity, the
response of EPID to energy fluence will be represented as “fluence” in this article.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1



PIT-FMB & SEACOMP 2019 IOP Publishing
Journal of Physics: Conference Series 1505 (2020) 012004  doi:10.1088/1742-6596/1505/1/012004

The raw fluence generated from the multi-leaf collimator (MLC) positions should be convolved
with a dose deposition kernel to consider the scattering and optical glare of EPID. There are different
methods of obtaining the kernel, however, the most commonly used method is the Monte Carlo
simulation. This study investigated three aspects of aSi EPID: dose rate, uniformity and output factor.
Several studies have concluded that aSi EPID response is non-linear to dose rate [15-17]. However,
these findings were inconsistent [18] and was addressed by Alshanqity and Nisbet [19]. Their study
found that signal per MU is not influenced by dose rate. The effect of dose rate only contributed up to
2.1% to the total signal as residual signal. The uniformity of detector response was corrected by
performing flood field correction but this method only corrected the detector response to the average
response of all detectors. An improved flood field calibration method [20] was proposed and tested in
several other studies. The pixel gain factors obtained were in the range of 0.9 to 1.1 [21] and 0.93 to
1.06 [22]. Finally, output factor was taken into consideration since it can be larger than 1.10 for field
sizes larger than 25%25 cm? [18, 23, 24].

2. Materials and Methods

The LINAC used in this study is Elekta Versa HD (Elekta AB, Stockholm, Sweden) which is equipped
with Flekta Agility MLC. The LINAC was incorporated with an EPID based on aSi detector panel,
model XRD 1640 ALS (PerkinElmer Optoelectronics, Fremount, CA, USA). The detector was fixed at
a source-to-surface distance (SSD) of 160 cm. The radiation sensitive area was 40.96x40.96 cm?,
consisting of 1024x1024 pixels. This dimension is equivalent to 25.9x25.9 ¢cm? at SSD 100 cm. 1 mm
of copper was placed on the detectors as build-up material. A detailed structure and detection
mechanism of aSi detectors can be found in articles [25-28].

Five simple single full dynamic arc plans with 200 MU each, were created to test the system. The
plans were of geometric shapes (5x5 ¢m? and 10x10 ¢m? squares, circle and diamond) and had no
modulation of MLC except for one of the plans which had a simple transition from one shape to
another. A real patient’s head and neck VMAT plan was also used to be compared with the simple
plans.

2.1. Calibration of EPID
The images acquired using iViewGT software (Elekta AB, Version 3.4.1) needed to be modified from
the averaged pixel values to the integrated pixel value using Equation (1) as in [29]:

. 65535—Raw Pixel Value
Integrated Pixel Value (IPV) = Pixel Scaling Factor )

The pixel scaling factor (PSF) in Equation (1) can be obtained from the log file of each EPID
image. All images were acquired using the “single exposure” option and was saved in the “tiff”
format. A 10x10 cm? field was irradiated with 6 MV photon beam from 1 to 1000 MU at a fixed dose
rate of 600 MU/min. Conversion to IPV was done using MATLAB (The MathWorks Inc, Version
8.3.0.532 (R2014a)). The mean IPV of central 3x3 ¢cm? was calibrated to the corresponding MU.

2.1.1. Dose rate. Since Elekta Versa HD only allows irradiation at certain dose rates: 100, 200, 300,
600 MU/min, only these dose rates were used. The first test involved varying the dose rates while
keeping a constant 100 MU. Then, to eliminate the effect of the irradiation duration on the EPID
response, the measurement was repeated using the same set of dose rates with a constant irradiation
time of 30 s and varied MU.

2.1.2. Uniformity. Based on the method in [20], a 100 MU of 25x25 c¢m? was delivered at three
different positions respectively: at zero shift, 2 cm shift to the left and 2cm shift to the right. The
obtained images were then shifted back to the central axis using MATLAB. The average pixel value of
two shifted images were calculated and normalized to the pixel value of non-shifted image at each
point to obtain the uniformity correction factor. The result was a 1024x1024 uniformity mask.
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2.1.3. Output factor. 100 MU was irradiated for different field sizes ranging from 2x2 to 25x25 cm?’.
The maximum field size of EPID projected at isocentre plane is also only 26x26 ¢cm?. Mean IPVs of
different field sizes were normalized to that of 10x10 cm? to obtain output factor. Output factor was
plotted as a function of field size.

2.2. Fluence generating programme
The overall flow of procedure from fluence generation to gamma analysis between generated and
measured fluence is shown in Figure 1. Fluence map for each control point was generated, convolved
with an optimized dose deposition kernel [30] and corrected for output factor before being added to
the final composite fluence. The kernel includes both scattering and optical glare and takes the form of
y=exp(—ar) + (az) exp(—asr) + (as) exp(—asr) 2)
where 1 is the distance in pixel. The optimized coefficients in this study is a;= 1.27 pixel™, a,=
0.0008, as= 0.10156 pixel, a;= 0.0000175 and as= 0.0091404 pixel’. A lookup table was created
based on the data collected in Section 2./.3. Output factor for each control point can be obtained using
the lookup table and equivalent square field [31] of the control point.

The measured fluence from EPID requires modification using MATLAB to convert raw pixel
values to MU detected using the calibration curve in Section 2./. Uniformity in Section 2./.2 was also
corrected. Both generated and measured fluence were compared using gamma analysis (3%/3 mm) in
DoseLab Pro (Mobius Medical System, Version 7.0.0 Beta).

Fluence Generating Programme [ EPID calibration ]
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Gamma analysis
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Figure 1: Overall flow of procedure.
3. Results and Discussion

3.1. Calibration of EPID
The results for calibration and output factor (Figure 2 and 3) in this study are coherent with other
studies [18, 19, 23]. Coefficient of variations for all characterization tests are only up to 0.5%. The
average value of uniformity correction factors is 1.0713 + 0.04% with a maximum value of 1.0853.
Signal of EPID was found to be linear to dose rate in both tests (R* = 0.95 for linear fitting). In
Winkler’s study [17], it was found that the sensitivity of EPID increased up to 1.5% as the dose rate
was doubled whereas the current study found the maximum increment to be 0.4%. The inconsistency
in the findings could be due to the short readout time in some studies as discussed by Alshangqity [19]
and quantification of signal. The quantity used for EPID signal in this study, IPV, is dependent on PSF
which is inversely proportional to the MU delivered on independent dose rate.
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3.2. Gamma analysis result of generated and measured fluence

The generated fluences are as shown in Figure 6. The result of gamma analysis is shown in Table 1.
The average gamma passing rate of all the plans tested passed the 95% threshold. However, not all
plans can achieve 95%. Hence, the coefficients in Equation (2) still require further optimization to
increase the accuracy of prediction of penumbra region as shown in Figure 5.

Table 1: Gamma passing rate between generated

and measured fluence of all plans tested. A
Plan Gamma passing rate (%) / '
5x5 cn?? 95.8 / '
10x10 cm? 93.3 /
Circle 95.4 T
Diamond 96.3
Diamond-to-circle 995 Figure 5: One of the cross-plane profile for
Patient Plan 93.4 patient plan fluence comparison. The
Mean 95.6 generated fluence (blue) has shorter
Standard Deviation 208 penumbra than the measured fluence (red).

Figure 6: Generated fluence using the in-house programme: (from left to right) square, circle,
diamond, diamond-to-circle and patient plan.
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4. Future development

There are still many aspects of the programme that require improvement. Apart from the dose
deposition kernel, other factors such as MLC transmission factor and TERMA (assumed to be
1cGy/MU in this study) should also be taken into consideration. More setup parameters can also be
included in the fluence generation. For instance, angle of collimator and angle of couch and source-to-
surface distance. The programme should not be limited to a certain brand of LINAC only. An in-house
gamma analysis programme would be beneficial because the software used in this study has limitation
in shifting and cropping the image. The last stage of development would be transitioning to a more
user-friendly interface.

5. Conclusion

Calibration of EPID was done. Development of a Patient-specific QA system using aSi EPID was
initiated with the development of a fluence generating programme. However, further improvement of
the programme is necessary to achieve the required standard.
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