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Abstract

The aim in this study is to develop a generalized strategy for 3D dose verification of
IMRT and VMAT planes using EPID transit images in combination with Monte Carlo
(MC) simulations. An EPID-based dosimetric verification procedure was developed to
convert EPID-measured transit images into 2D exit photon fluence by de-convoluting
with the MC-simulated EPID response kernels. The present scatter from the phantom to
the EPID was iteratively corrected by using a series of pencil beam scatter kernels derived
from MC simulations. The primary fluence is therefore yielded by subtracting the cor-
rected scatter from the total reconstructed exit fluence and used to reconstruct the dose
distribution in multiple 2D planes parallel to the EPID by convoluting with the pencil
beam deposition kernels. After summing up all the reconstructed 2D dose planes, the 3D
dose distribution is obtained. The EPID-based dosimetric system was validated using 6
MV photon beam available from Varian TrueBeam STXTM. The results show that the
EPID-based dosimetry system developed in this study is an accurate and robust tool for
dose verification of IMRT/VMAT plans.
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1 Introduction

With more than 1.6 million new diagnoses of cancer and over one-half million projected
to die of cancer in 2013, in the U.S. alone, almost 1,600 people died per day and cancer
has been becoming a major health problem [1]. Radiation therapy (RT) is a major mo-
dality in cancer treatment and approximately 60% of all cancer patients in the U.S.
receive RT as therapy or for palliation as an adjunct to surgery or chemotherapy. Over
past two decades, intensity-modulated radiation therapy (IMRT) and volumetric-mod-
ulated arc therapy (VMAT) have become the mainstay for treating different types of
cancers because of its capability of producing highly conformal dose distribution [2-9].
Practically, IMRT is composed of 5 to 10 radiation beams, with the intensity of each
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beam modulated by a computer-controlled dynamic movement of a multi-leaf collima-
tor (MLC). In a VMAT delivery [10-12], the position and speed of MLCs, and the
gantry rotation vary dynamically [13]. While IMRT or VMAT offers a valuable tool
for enhancing the therapeutic ratio and shows significant potential for improved sur-
vival and treatment outcome, their treatment planning and delivery are more technically
involved and prone of errors due to dramatically increased complexity of the process.
It is widely recognized that the efficacy of IMRT/VMAT can only be fully exploited
with an effective quality assurance (QA) procedure to ensure the safe and efficient de-
livery of the exquisite dose distributions. However, current IMRT/VMAT QA proce-
dure is labor intensive and inefficient. Moreover, it is unsafe and may lead to wrong
conclusion as the measurement data are collected on one or two 2D planes, instead of
3D volume. The objective of this study is to develop a clinically practical 3D pretreat-
ment dose verification for rapid IMRT and VMAT QA using a high spatial-resolution
and high frame rate a-Si EPID and transit images in combination with Monte Carlo
(MC) simulations.

2 Materials and methods

2.1  The portal electronic portal imaging device

The EPID used in this study is a standalone portable PerkinElmer XRD-0822 AP20 a-
Si flat panel detector (PerkinElmer, Sunnyvale, CA). The size of detector was 20.48 =
20.48 cm?, with a matrix of 1024 <1024 pixels and a minimum pixel size of 0.2 mm.
Its maximum frame rate is 50 frames per second (fps). The images were acquired in a
“cine-mode” and a PerkinElmer image acquisition software XIS (version 3.0, Perki-
nElmer, Waltham, MA) was used to acquire and process all the EPID images. Meas-
urements were performed on a Varian TrueBeam Stx Linac (Varian Medical Systems,
Palo Alto, CA) for 6 MV photon beam. A source to detector distance (SDD) of 130cm
and source to axis distance of 100cm were used. The thickness of the water-equivalent
slab phantom was set to 20 cm and was positioned at the iso-center of the linear accel-
erator.

2.2 Corrections of the EPID raw images

Before images acquisition, a dark field (DF) image and a flood field (FF) image were
acquired for offset and gain corrections. The offset correction took into account the
dark current of each pixel and acquired with photon beam off. In order to create the
offset correction image, an averaged image (EPIDp;) of 300 frames of DF images had
to be acquired and would be subtracted from the incoming pixel data during acquisition
time. To homogenize differences in pixel sensitivities, an FF gain correction was car-
ried out by irradiating the EPID with the incident photon beam fully covering the entire
detector sensitive field (20>20 cm?). To create the FF image, an averaged image
(EPIDg) of 300 frames of offset-corrected images has to be acquired. Each EPID-
measured raw image is corrected by using the following equation:
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2.3 EPID images to incident fluence conversion kernel

To determine the incident photon beam fluence, it was necessary to simulate and cali-
brate the EPID device to establish a relationship between EPID pixel values and radia-
tion dose. Detailed structure and composition of the EPID were provided by the manu-
facturer and were modeled using the GATE (Geant4 Application for Tomographic
Emission) [14] to generate a deconvolution kernel K4.(x, y). The incident photon flu-
ence @4 (x, y) on the EPID can thereafter be reconstructed from the corrected EPID
raw image using the flowing equation:

Py (x,y) = (EPIDy| x¥) @ (Kae(x,y)) )

corrected

2.4 Scatter prediction kernels

When the EPID was placed close to the phantom, a large amount of scattered radiation
is incident on the EPID surface. Therefore, the EPID-measured transit fluence (®,,)
behind a slab phantom comprises primary @, (un-scattered) and scattered contribution
(®@s), that is

@)= Dy + s @3)

In order to reconstruct the dose distribution with the phantom using the transmit im-
ages @,,, those scatter must be removed firstly.

MCNPX [15] was used to produce a series of MC scatter kernels, which allows scatter
fluence predications from uniform water slab phantoms exposed to a divergent beam.
It simulates a pencil beam impinging upon a slab phantom from divergent angels sep-
arately. The phantom is water-equivalent with a thickness of 20 cm. The scattered ra-
diation present in the EPID surface was estimated point-by-point with the MC-
generated pencil beam scatter kernel and was iteratively scatter-corrected using the MC
simulated scatter kernels which give the primary fluence @, at the plane of the EPID.

2.5 Dose deposition kernels

The extracted primary fluence at the EPID plane is scatter-corrected and converted to
2D dose distributions within the phantom in multiple planes parallel to the EPID. By
summing up the 2D dose planes, the 3D dose distribution is obtained. A series of pencil-
beam dose kernel K,;;(x, y) was simulated using the MCNPX code at different depths
of the slab phantoms for the dose reconstruction.
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3 Results
A de-convolving dose kernel Ky,(x, y) was generated from GATE MC simulations
with the consideration of the MV photon dose deposition in the EPID screen, the optical

photon creating and scattering process, as shown in Fig.1. The incident photon fluence
on the EPID was therefore reconstructed from the corrected EPID raw images.
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Fig. 1. The GATE generated kernel used in de-convolution of EPID-measured raw images to
incident photon fluence.

Fig.2 shows an example of MCNPX simulated scatter prediction kernel. During the MC

simulation, two separated tallies were simultaneously used to record the fluence from
scatter only and primary plus scatter on the EPID plane.
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Fig. 2.
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An example of MCNPX simulated scatter prediction kernel used to remove the scatter
from the reconstructed transit fluence.

Fig.3. shows the simulated K.,(x, y) of pencil beam used in the dose re-

construction.
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Fig. 3. The MCNPX generated dose kernel used in the dose reconstruction
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To evaluate the performance EPID dosimetry system on photon beam applications, the
absolute 2D dose distribution of square fields of 4>4 to 15x15 cm? fields were tested
firstly against water scan results and PTW729 ion chamber array measurements, as
shown in Fig.4.
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Fig. 4. Water-scan, PTW729, and EPID-measured dose profiles

To further validate the EPID measurement, one typical patient-specific case was deliv-
ered and compared with TPS calculation. Overall, as shown in Fig.5., the comparison
data showed good agreement for both cases. EPID measurements vs TPS calculation,
the y-index pass rates were greater than 99% for criterion of 3%/3mm in the selected
dose plane.
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Fig. 5. Isodose line overlay of EPID measurements with TPS calculation and in-plane profiles
of EPID and TPS calculation for the tested patient case.
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Conclusions

We have developed a generalized procedure for dose verification of IMRT and VMAT
using EPID transit images in combination with MC simulations. It provides a viable
solution to the unmet need for a 3D dosimetric tool for IMRT/VMAT plan validation
and for a number of intractable dosimetry problems, such as small fields and fields with
high dose rates.
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