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Abstract

This study aims to use 3DVH software (Sun Nuclear Corporation, Melbourne, FL, USA)
to compare the dose that was predicted by treatment planning system (TPS) with the measured
dose obtained by ArcCHECK dosimetric device using two advance treatment techniques:
Volumetric Modulated Arc Therapy (VMAT) and Intensity Modulated Radiation Therapy
(IMRT). Thirty prostate cancer patients who were treated with VMAT and re- planned with IMRT
using Eclipse planning system were studied. The percentage dose differences (%DDs) were
calculated using 3DVH software for planning target volume (PTV) and risk organ (OARS). The
correlations between %DD and the gamma pass rate (GPR) (3%/3mm, 2%/2mm and 1%/1mm)
criterion were examined. Both the DVHs calculated by 3DVH and the one projected by TPS were
compared using the different parameters for PTV and OAR. In VMAT technique, the %DD was
less than 3% for PTV and 4% for OAR while the IMRT technique recorded %DD less than 2% for
PTV and 4% for OAR. 3DVH was somewhat more consistent with the planned VMAT verification
data compared to ArcCHECK, with a mean gamma pass rate of 99.34% for the 3%/3 mm criterion
Based on our results, VMAT is especially beneficial for prostate most cancers treatment.

Keywords: 3DVH, QA, ArcCHECK, Gamma Pass Rate

1. Introduction

Prostate cancer (PC) is a very prevalent health issue. It begins to develop around the age
of 50, with the peak occurring between the ages of 60 and 70 [1]. The advanced form of 3D
conformal radiation (3D-CRT) combined with a non-uniform intensity of the beam to increase
dose homogeneity and distribution is Intensity Modulated Radiation Therapy (IMRT) [2]. IMRT

has dosimetrical benefits over 3D-CRT due to the steep dose gradients and the tight conformal
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doses. These advantages make it possible to lower the dose to the bladder and/or rectum in this

case and result in reduced toxicity.

The term "IMRT" indicates a radiation oncology procedure in which the patient receives
non-uniform fluence from the direction of the treatment beam to optimize the composite dose
distribution. The processing requirements for optimizing the plans are specified by the planner
and through the "inverse planning”, the optimal fluence profiles for a particular set of beam

directions are determined [3].

VMAT is a modern technique of delivering IMRT, it generates IMRT distributions in a
single arc rotation, adjusting the dose rate and the gantry speed, as opposed to standard IMRT with
fixed gantry beams [4,5]. VMAT can guarantee high doses conformation while preventing healthy
tissue by minimizing the number of MU over treatment. The classical IMRT plan produces a
number of segment fields designed by the MLC with several fixed gantry angles, by sequentially
moving MLC to various orientations and then deliver the radiation dose as in step-and-shoot
method or with constant MLC movement as in sliding window method.

Currently, the majority of pretreatment QA for IMRT and VMAT plans is measurement-
based. A variety of approaches can be utilized for measurements, with the standard workflow
consisting of recalculating the accepted treatment plan on a dosimeter and then irradiating in the
same geometry [6]. In advance treatment techniques such as IMRT and VMAT, pretreatment
quality assurance (QA) is managed using electronic portal imaging devices (EPIDs) attached to a
linear accelerator. This helps to determine the possibility of a discrepancy between the estimated
dose by TPS and the delivered dose by the linear accelerator [7]. The patient specific QA plan is
performed before the patient’s first treatment session where all the fields are set to zero, and the
dose fluence from the TPS is validated using the obtained outputs. Pretreatment QA is
recommended for IMRT plans to compare the photon fluence maps delivered by continuous
movement of MLC [8]. Different QA tools such as films, ionization chambers, two-dimensional
(2D) detector arrays, three-dimensional (3D) detectors, and gel dosimeters have been used
overtime [9,10]. Gravitational sagging of linear accelerator (LINAC) head and EPID tail can affect
the quality assurance. A possible cause of treatment error as indicated by Ezzell et al. [11] is the

corruption of treatment related files during transfer of data from the TPS to a linear accelerator.
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Due to narrow margins and high dose gradient of IMRT and VMAT, these subtle effects may have
major effects on the overall dose distribution and require specific commissioning and continuously
QA of both the treatment machine and TPS.

The uncertainties in the treatment process indicate the importance of patient-specific
pretreatment quality assurance (QA) of treatment plans to check the accuracy of dose estimates
and detect clinically significant inaccuracies in radiation delivery [12]. This work helps to evaluate
the accuracy of IMRT and VMAT treatment plans for prostate cancer patients and the objective is
to compare the 3DVH software with a 3D pre-treatment QA system for two different advanced

techniques.
2. Material and Method
2.1 Patient selection, preparation, and radiation delivery

TPS “Eclipse” V 13.7.14 was used to generate treatment plans for thirty prostate cancer
patients who received 76 Gy in 38 fractions with IMRT and VMAT. These plans were calculated
using photon beams with an energy of 10 MV from the Clinac® iX System. Five fields (140°, 60°,
0°, 300°, and 220°) were optimized by setting the collimator and couch to zero. Whereas VMAT
plans used clockwise (CW) and counterclockwise (CCW) partial arcs (from 230° to 130°) with
collimator rotation (15% 345°) respectively. Using the anisotropic analytical algorithm (AAA), all
dose calculations were performed in Eclipse planning system. Verification plans were created in
Eclipse v13.7.14 using the ArcCHECK phantom. ArcCHECK phantom is a cylindrical phantom
with a 3D array of 1386 diode detectors organized in a spiral design and spaced at 10 mm [13,14].
The predicted distribution of dose was interpreted using ArcCHECK V6.7.3 and 3DVH V 3.3.1.

2.2 Gamma Analysis

The most widely used method for quantitative analysis of the comparison between planned
and predicted isodose distributions for IMRT and VMAT treatments is gamma analysis which was
first presented by Low, Harms, Mutic, & Purdy (1998). By comparing the dose distribution based
on both dose and spatial domains, the gamma analysis approach works. Based on user defined
acceptance condition, it quantifies the quality of the comparison using a single composite measure,
in terms of %DD and (DTA) [15].
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%DD is essentially the percentage difference between the planned and measured dose, and
the points are considered a pass if they are within the user-defined acceptance condition. The 3%
dose difference is the most commonly used acceptance criterion for the percent dose difference
between the planned and measured IMRT QA data [16].
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Fig (1): The measured ArcCHECK dose points are shown in a 2D dose analysis generated by
SNC patient software

2.3. Dose Differences

Among other research, AAPM TG 119 assessed the patient acceptability levels of QA and
recommended the criterion of the distance-to-agreement to be 3% and 3mm [17]. Predicted dose
distributions were analyzed using the 1%/1 mm, 2%/2 mm, and 3%/3mm criteria in this study. The
dose difference with ACPDP calculator was evaluated by 3DVH software (Fig. 1). The dose
difference between the collected doses rebuilt by 3DVH software and the TPS calculations and
was evaluated. The %DDs were calculated with 3DVH software for the PTV and the OARs. The

correlations between %DD and GPR were also examined with Microsoft Office Professional plus
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Excel 2016. The Dose Volume Histograms estimated by 3DVH were compared with the DVHs
projected by the planning system using these parameters: Dmvean & D98 for PTV, Dmean & V50 for

Rectum and Bladder, Dmean for femoral heads. The percentage dose difference %DD is defined as:

%DD = (DspvH-DTps)/Dtps x 100

Dapvh represents the dose estimated by 3DVH, whereas Dtps denotes the dose calculated by the
TPS. We investigated the pass rates of the gamma index with the purpose of comparing the dose
distributions measured by ArcCHECK with the calculated dose distributions by TPS.

2.4. ArcCHECK patient-specific QA protocol

ArcCHECK is a 3D dosimetry QA system designed to quantify the dose distribution of
radiotherapy delivered, as well-defined by a TPS. It's also a cylindrical water equivalent
phantom with a 3D arrangement of 1386 diode detectors, placed in a 10 mm sensor spacing in

spiral pattern [18].
2.5 3 DVH Analysis

3D dosimetric verification was conducted by 3DVH. In this study, the dose inaccuracies
(due to measured vs calculated dose phantoms) are used to pertrub the original 3D dose and to
precisely predict the 3D patient dose. 3DVH is a software application for comparing 3D dose and
DVHs during the dose delivery of QA plan. One dataset is imported as calculated and created by
a (TPS) as part of a prescribed dose plan, the other is analyzed by 3DVH [18]. 3DVH can be used
to compare any 3D plan to any other 3D plan, including competing modalities and vendors or
treatment planning systems.The 3DVH utilizes the PDP algorithm (Fig. 2) to estimate the delivered
dose to the patient and the DVVH computed by advanced techniques [19].
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Fig (2): Calculation of ArcCHECK Planned Dose Perturbation (ACPDP) in 3DVH software
2.6. Analysis of dose volume histogram (DVH)-based metrics

A paired t-test was utilized to compute the difference in statistics between IMRT and
VMAT and statistically significant p-values were less than 0.05. Pearson correlation analysis was
also used to investigate the relationship in the dose deviation between 3D-GPR and the DVH-
based metrics for the PTV and the OARs.

3. Results

Two metrics were used for the data analysis of this study: DVH-based and gamma analysis.
3DVH software was used to calculate these DVH-based metrics: for PTV (Dmean and Dggy), for
bladder walls and rectum (mean dose and V50Gy) while left femur and right femur (mean dose).
DVHs provided by the 3DVH were compared with the planned dose distribution calculated by
treatment planning system (Eclipse) VV13.7.14. The mean DVH values obtained using both 3DVH
and TPS were calculated for both VMAT and IMRT techniques. A t-test statistical analysis
between the mean values was carried out to verify the procedures used in this study that were
affected by systematic errors. Table 1 present the values of mean gamma pass rates of 3DVH and
ArcCHECK for IMRT and VMAT.
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Table (1): The mean Gamma pass rates of 3DVH and ArcCHECK for IMRT and VMAT
IMRT VMAT
GPR 3DVH ArcCHECK 3DVH ArcCHECK
1%/1mm 68.59 + 6.32 57.87 + 6.62 85.05 + 3.54 67.76 + 9.90
2%/2mm 90.95 +2.34 85.99 + 3.57 97.80 £ 0.54 93.55+4.14
3%/3mm 98.03 £ 0.99 96.79+1.41 99.34 £ 0.22 99.11 + 0.66

In IMRT plans, the mean gamma pass rates of ArcCHECK and 3DVH were estimated to be lower
than those of VMAT plans. 3DVH presented a somewhat better agreement with planned data for
VMAT verifications with a mean gamma pass rate of 99.34% for 3%/3mm criterion compared to
that of ArcCHECK. Table 2 shows the percent %DDs for the PTV and OAR between the TPS and
ArcCHECK measurements for both techniques. For the VMAT technique, the %DD was less than
3% for PTV and 4% for normal organs (OARS). The gamma pass rate GPR was correlated with
the %DD for Dwean and Dgg 0of PTV, Dmean and Vso of Rectum & Bladder, and Dmean and Dmax of
Femoral heads (p0.05). These findings indicated a strong correlation (r > 0.7).

However, the %DD of IMRT technique was lower than that of VMAT. There was no
statistically significant difference. Fig.3a, 3b, 4a and 4b illustrates the relationship of %DD and
the GPR for each volume. For both techniques, the %DD for the mean dose of PTV becomes
smaller as GPR increases. However, for all volumes except the Rectum and right Femur in IMRT,

there was no discernible correlation.
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Table (2): Data showing DVH parameters calculated by the TPS Eclipse and by the 3DVH Software for PTVs and

OARs and the relative p value

VMAT IMRT
Structure Parameter %DD r p- Structure Parameter %DD r p-

value value
PTV DMean 2.019 0.6939 <0.05 PTV DMean 0.485 0.492 >0.05
PTV D98% 2.265 0.6658 <0.05 PTV D98% 1.183 0.799 <0.05
Rectum DMean 1.9 0.9966 <0.05 Rectum DMean 3.211 0.998 <0.05
Rectum V50Gy 3.23 0.9982 <0.05 Rectum V50Gy  3.612 0.997 <0.05
Bladder DMean 0.291 0.9994 <0.05 Bladder DMean 0.325 0.999 >0.05
Bladder V50Gy 1595 0.9987 <0.05 Bladder V50Gy 2.23 0.999 <0.05
Lt. DMean 0.97 0.9988 <0.05 Lt. Dwmean 3.081 0.999 <0.05

Femur Femur
Rt. DMean 0.78 0.9995 <0.05 Rt. Dwmean 2.146 0.999 <0.05

4. Discussion

To recognize any possible errors in the treatment planning process and machine
deliverability, advanced dosimetric techniques are strongly recommended for patients-specific
pre-treatment verification and are regularly performed in many clinics [9]. Radiotherapy QA has
historically used a combination of irradiation methods by using an ion chamber or film, or a beam-
by-beam irradiation method by the usage of diode or ion-chamber arrays [20]. However, the 3DVH
software and a 3D detector such as ArcCHECK can be used to gather a large amount of data
quickly and easily. The use of a 3D instead of a 2D diode array enables each beam's eye view data
to be obtained in every field; both entry and exit dose values can be attained as well [21].
Composite data with the information obtained from each beam can be generated using the 3DVH

software.

The ArcCHECK 2D diode array is a detector arrangement designed to verify treatment
plans [20]. Guangjun et al, in their research verified the simple plan of four beams of different
field sizes and 10 IMRT and 10 VMAT plans of various cancer sites with varying complexity. In
their pre-treatment verifications results for all the IMRT and VMAT plans, both ArcCHECK and
ion chamber data revealed good agreement. This implies that the ArcCHECK QA system was
effectively designed for verification of IMRT and VMAT treatments, and that TPS estimated

-8 -
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precision and linear accelerator delivery for IMRT and VMAT treatments may be achieved for

clinical scenarios [22].

In this research, patient specific pretreatment QA using ArcCHECK dosimetric equipment
was carried out and 3DVH software was assessed. Moreover, for the PTV and OARs, the %DD
and the GPR were assessed. The ArcCHECK-3DVH has been recommended by some authors,
such as Infusino et al [23], who in their work evaluated the suitability of the ArcCHECK and
3DVH system for VMAT. Their Dose-volume histogram (DVH) analysis for patient plans
revealed small differences between treatment plan calculations and 3DVH results for organ at risk
(OAR), while planning target volume (PTV) of the measured plan was higher than that predicted
by the TPS. The goal of our research is to carry out advanced techniques QA with the ArcCHECK
and compare the outcomes to those of the 3DVH. This cylindrical phantom and 3DVH software
were used to assess the gamma pass rate. Despite the fact that the outcomes for both treatment

methods were very similar.

IMRT causes an increase in MU compared to VMAT which results in an increased integral
dose. The decrease of MUs required for VMAT minimizes the leakage of the gantry head, which
increases the risk for secondary malignancies. However, VMAT provides a dosage around the
patient, possibly resulting in an increment in tissue volume exposed to low-level radiation doses
[24]. While we observed that the MUs with VMAT are substantially less than IMRT, the
distribution of both dosage and leakage radiation are important when depositing dose beyond the

volume of treatment.
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5. Conclusion

The purpose of this study was to use 3DVH software to compare the predicted dose by TPS
with the predicted dose obtained by ArcCHECK dosimetric device using two treatment techniques:
IMRT and VMAT. The use of the ArcCHECK phantom and the 3DVH software for delivery

quality assurance can provide physicists with a wealth of information in a simple and
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straightforward manner, including the earlier simple 2D gamma index, the 3D gamma index, the
gamma index for each ROI, the perturbed dose distribution, and several DVH-based matrices. The
%DD was less than 3% for PTV and 4% for risk organs for VMAT technique while the IMRT
technique recorded %DD less than 2% for PTV and 4% for normal organs. 3DVH presented a
somewhat better agreement with planned data for VMAT verifications with a mean GPR of
99.34% for 3%/3mm criterion compared to that of ArcCHECK.

The 3DVH had a mean gamma pass rate of 98.03% for IMRT verifications, which was
1.26% higher than those obtained by the ArcCHECK with a 3% /3mm acceptance criterion. The
QA gamma analysis 3%/3mm showed that in both VMAT and IMRT treatment plans, there was
only a moderate-to-strong correlation (Pearson r = 0.49 to 0.99) between the GP% and the absolute
%DD. The precision of dose administration through the DVH for PTV and OARs volumes was
successfully estimated using 3DVH. The t-test results between the calculated and predicted DVH
values presented incomparable mean values (p<0.05) for the VMAT techniques, this suggests that
there were systematic errors, however Dvean for PTV and bladder were comparable (p > 0.05) for
the IMRT techniques. As VMAT is gradually being implemented, clinicians will be tasked with
determining how to ensure patient safety through their quality assurance program Based on our

results, VMAT is especially beneficial for prostate most cancers treatment.
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