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SBRT for localized prostate cancer using single arc VMAT: plan       quality, 
complexity, dose delivery accuracy, and efficiency 
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Evaluation of feasibility of using RayStation treatment planning system as an 
independent dose calculation system for the Unity MR-linac 

 

 

Yauheni Holdman 

e.holdman9@gmail.com 

 

Supervisors: 
Dr. Luigi Spiazzi 
Dr. Alfredo Fiume 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Spedali Civili di Brescia, 
Italy 

 

 

 

865 

MEDICAL PHYSICS INTERNATIONAL Journal, Vol.11, No.2, 2023

mailto:e.holdman9@gmail.com


 

 
31 

 

 

End to end verification in gated-treatment delivery: a comparison between 
motion phantom devices                     
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Commissioning And Quality Assurance Of A New PET/CT 

The PET/CT performance has a direct clinical impact. This study evaluated the 

physical performance of a new SiPM-integrated digital PET/CT scanner, uMI Vista from United Imaging 

Healthcare, installed in our Institute, comparing the Vendor tool results and free available software. 

: Following the NEMA NU-2 2007 standards, and using the specifics phantoms, 

spatial resolution, sensitivity, scatter fraction, accuracy and image quality tests were evaluated on the PET 

system. Spatial resolution was assessed by imaging three radioactive point sources in the air. System 

sensitivity was measured by using a NEMA sensitivity phantom. As described in the standard, we used a 

solid polyethylene cylinder with a line source positioned parallel to the tomograph axis at a few radial 

distances to measure the scatter fraction, and image quality was assessed with PET NEMA IEC phantom 

filling the four smaller spheres with radioactive solution and the two big with non-radioactive water. We 

processed the NEMA images acquired during the various tests with ImageJ software and compared the 

results obtained with those given by the manufacturer's software. The image quality and radiation dose 

were examined as part of the CT acceptance test using CATphan 600, system phantom, and standard 

PMMA phantom. The tube voltage and the HVL of the X-ray tube were also evaluated using an Unfors 

multimeter. The CT data have been analysed with IQworks software and Microsoft Excel.  

With the Vendor tool, the radial/tangential/axial FWHM were 2.99/2.99/3.03 mm and 

5.54/5.24/5.26 mm at 1 and 10 cm off-centre, respectively, while using ImageJ they were 2.96 ± 0.04/ 

3.10 ± 0.05/ 3.15 ± 0.05mm and 3.47 ± 0.025/ 3.22 ± 0.03/ 3.32 ± 0.02mm. Sensitivity at centre and 10 

cm FOV given by the Vendor tool were 8.998 and 9.001cps/kBq, respectively, while they were very 

different using ImageJ. The results given by the Vendor tool showed that at a clinically relevant activity 

concentration of 19.78 kBq/cc of 18F-FDG, a Peak NECR is 122.58 kcps and scatter fraction 38.79%, while 

the percent error below the peak NECR was 3.03 %. The contrast recovery of  10, 13, 17, 22, 28 and 37 

mm sphere diameters given by Vendor tool were 59%, 81.4%, 86.8%, 94.7%, 82.1% and 85.5%, 

respectively, while the background variability were 4.5%, 3.7%, 2.8%, 2.1%, 1.6% and 1.3%, respectively. 

ImageJ analysis gave 48%, 66%, 73%, 85%, 84% and 90% for the contrast recovery, and 3.8%, 3.1%, 2.6%, 

2.3%, 1.9% and 1.5% for background variability, respectively. The lung error residual mean was 2.8% and 

2.9% using the Vendor tool and ImageJ. Finally, the CT image quality and CTDI values resulted in the 

hospital's acceptance range. 

All the performance tests carried out on our new PET/CT were in the acceptable range given by the 

manufacturer, and the results of CT scanner were also acceptable for clinical use. This new scanner meets 

the highest standards of precision and safety and it opens new possibilities for patient diagnostic and 

treatment in our hospital.    
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Analysis and validation of the TQA quality assurance system in tomotherapy 

Tomotherapy combines the precision of intensity-modulated radiation 
therapy (IMRT) with the geometric layout of a computed tomography (CT) scanner, proving highly 
effective for treating various oncological diseases. The success of Tomotherapy relies on precise 
treatment delivery, ensured by the Tomotherapy Quality Assurance (TQA) system. TQA is a 
comprehensive software that performs pre, during, and post-treatment checks, including equipment, 
output and energy control, and dosimetric checks. Though complex and requiring specialized 
knowledge, TQA's clear benefits lie in ensuring high-quality care while optimizing time and personnel 
resources. 
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Dosimetric Evaluation of Prostate Motion using Multimodal Imaging on Extreme 
Hypo-fractionated SBRT  

 Prostate movement in posterior direction seems to be recurrent during delivery of the 

treatment. For the target, dose under coverage as large as 4% (124 cGy) respect to the constraint value 

(D98% > 95%) has been observed in some individual motion-inclusive simulated fractions (16% of the 

total number). Only rectum and penis bulb showed a worsening in achieving the clinical constraints due 

to the prostate movement, yet only for a few fractions.
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 For the homogeneous cubic phantom, the mean values of the PDDs confidence limit for 6MV 

and 6MV FFF forced were (0.50±0.08) and (2.40±0.22), for non-forced (1.19±0.29) and (1.66±0.26), and 

the mean values of the profiles were (0.84±0.53) and (0.88±0.46). The mean values without forcing the 

structure (0.79±0.42) 6 MV and (0.75±0.33) 6MV FFF. Cubic phantom with internal low-density the mean 

values for the PDDs 6MV and 6MV FFF with 5 cm Inhomogeneity were (1.45±0.55) and (1.19±0.19). And 

for 10 cm (1.75±0.39) and (1.95±0.38). Profiles mean values for 6MV and 6MV FFF with 5 cm of 

Inhomogeneity were (0.83±0.45) and (0.71±0.33). And with 10 cm (1.02±0.51) and (0.70±0.31). For the 

cubic phantom with 3 cm internal low- and high-density inhomogeneity the mean values of the x-axis 

confidence limit for 6 MV and 6 MV FFF were (0.81±0.59) and (0.82±0.47). Regarding to the TG 119 

phantom plans, the mean values of the GPR for 6 MV with different criteria were (82.4±5.7) 1%-1mm, 

(97.4±2.0) 2%-2mm and (99.6±0.3) 3%-3mm. And for 6 MV FFF (85.8±4.4) 1%-1mm, (98.8±1.0) 2%-2mm 

and (99.9±0.1) 3%-3mm. Finally for the 18 Real patient plans the mean values of the GPR for H&N and 

different criteria were (79.9±7.3) 1%-1mm, (95.7±2.8) 2%-2mm and (98.5±1.1) 3%-3mm, for Thorax 

(75.9±10.6) 1%-1mm, (93.9±4.0) 2%-2mm and (97.9±1.6) 3%-3mm, finally, for Pelvis (72.1±3.3) 1%-

1mm, (93.8±2.1) 2%-2mm and (97.9±1.0) 3%-3mm. 

This study revealed differences in profiles and PDDs, indicating a deviation from the 

expected shape and calculated dose levels. The comparison made performing the gamma analysis 

showed no significant discrepancies in both TG 119 and real patient plans, but the DVH comparison 

showed that DI always delivers higher doses to target and organs at risk, due to the different volume 

that DI takes into account. These results could suggest to Scandidos some changes in the software before 

its clinical implementation.
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 This study aimed to evaluate the precision and accuracy of the MOSFET 
dosimeter in determining skin dose during Volumetric Modulated Arc Therapy (VMAT) and Tomotherapy 
treatments by comparing them with Gafchromic EBT3 film and the Tereatement Planning System (TPS). 
The research was conducted at the Instituto Oncologico de Veneto. 

 Thomson & Nielsen, Canada, produced the TN502RD MOSFET detectors. A 
set of tests was done on the mobile MOSFETs to see how accurate, repeatable, and angle-dependent 
they were. We were  measuring the surface dose in a 6 MV beam on the TrueBeam machine and 
TomoTherapy. Measurements were performed on a RANDO antropormorphic model simulating head 
and neck cancer and breast cancer. Treatment plans were generated using the Eclipse treatment 
planning system for TrueBeam and Raystation for Tomotherapy, adhering to clinical protocols. VMAT 
plans included two arcs for the head and neck, and for breast cases, two half arcs were employed. For 
patient-specific quality assurance, portal vision images and arc checks are conducted before taking 
measurements. This ensures that the positioning and setup align with the treatment plan and verifies 
the accuracy of the delivery system before actual dose measurements are taken. MOSFETs, along with 
small 4x4 cm² pieces of EBT3 films, were positioned identically on the RANDO phantom to facilitate a 
comprehensive comparison between them. 

 The study examined average percentage dose differences in both in-field and out-of-field 
measurements. When measuring Tomotherapy in-field, MOSFET always shows a higher percentage dose 
(7.50%) than Gafchromic film. This could be a sign of a systematic bias. The negative percentage 
difference between MOSFET and TPS in the in-field setting suggests a tendency for TPS to overestimate 
doses compared to MOSFET (-6.53%). Out-of-field measurements in Tomotherapy show that MOSFET 
gives more accurate readings than Gafchromic film (4.25%), while TPS significantly overestimates (-
3.38%). When we look at TrueBeam, the in-field measurements show that MOSFET readings are 
consistently higher than Gafchromic readings (13.22%), which could mean that the dose estimates are 
different. The positive percentage difference between MOSFET and TPS in the in-field setting suggests 
relatively good agreement between the two measurements (9.78%). However, in out-of-field 
measurements, MOSFET again shows higher readings than Gafchromic film (6.425%), and TPS exhibits a 
slight underestimation (1.32%) compared to MOSFET. A study by Rajesh A. Kinhikar [14] and ZHEN-YU 
Ql [13] showed a difference of 20–12%. 

 After a comprehensive analysis of our data, it is clear that our MOSFET system 
demonstrates stability and reliability, signifying its robust performance. The consistently accurate 
measurements obtained through MOSFET play a crucial role in upholding the overall quality and safety 
of the radiation treatment process. This steadfastness emphasizes the suitability of the device for 
precise dose verification, further strengthening its integral role in preserving the integrity of 
radiotherapy treatments. 
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The use of Hyperthermia to Enhance Radiotherapy Treatments 
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Commissioning of An Elekta VersaHD Linear Accelerator in Pinnacle Treatment 
Planning System. 
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Setup of a system for online in vivo Dosimetry in VMAT treatments 

rospective/Objective:  To secure the patient treatment quality many tools can be used. In this 
study, the impact of setup of a system for VMAT treatment was analyzed. The analysis was done on 16 
treatment plans using a PTW Verisoft and EPIgray of DosiSoft software. Errors arising during VMAT 
treatment could cause sever injury to patient due to high radiation dose per single fraction; therefore 
giving priority for setup of the system we can reduce the risk of errors that could compromise 
treatment outcome. 

Materials and methods: In order to determine the impact of shifts in positioning on a patient-like 
phantom, we deliberately introduced the following errors. Shift in isocenter of 5 mm and 20 mm in the 
lateral direction (Plan_L05 and Plan_L2 respectively), a shift of 10 mm and 20 mm in posterior direction 
(Plan_P1 and Plan_P2 respectively), and 20 mm shift in anterior direction (Plan_A2). 

Moreover, in order to examine the sensitivity of the system for the change in size/shape or weight of 
the patient-like phantom, we introduced a bolus (Plan_B) with thickness 1 cm and area 15 x 15 cm2 
and in order to simulate and evaluate the impact of air bubble within the tissue we introduced a 
dedicated a 3 cm thick rotation unit chamber plate Farmer 0.3 cm3 (Plan_Farmer) into the PTW 
OCTAVIUS 4D phantom 

Results: From Plan_L2, Plan_P1, Plan_P2 and Plan_ A2, the expected dose difference (from Pinnacle 
TPS) were higher compared with DosiSoft. On the other hand, the dose deviation predicted from 
EPIgray of the DosiSoft for Plan_L2 are lower than the one predicted from the Pinnacle TPS. On the 
contrary for Plan-Farmer all evaluated structures have a deviation greater than 10%. This shows that 
EPID based EPIgray of DosiSoft is very sensitive to the change in the density by Farmer Chamber plate 
which mimics the presence of air bubble within tissues. When examining the gamma index analysis for 
both 6 MV and 6 MV FFF energies, the gamma analysis via VeriSoft between the Pinnacle TPS and the 
measured dose maps through PTW729 detector all plans except Plan_Farmer showed a dramatic drop 
on gamma passing rate relative to Plan_0. Here we can notice that the VeriSoft is not sensitive to air 
bubble simulated as the Farmer chamber plate, which inserted into the PTW OCTAVIUS phantom. 

Conclusion: By combing the EPID based EPIgray of the DosiSoft with the existing PTW VeriSoft gamma 
analysis technique we can boost the safety of patient and we can offer a comprehensive patient 
specific quality assurance that can detect errors due to anatomical change, or due to air bubbles 
between tissues or slight increase on weight of the patient as well as patient positioning errors 
introduced in the isocenter shift. 
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Dose Optimization Process for Full-Spine Digital Radiography in the Pediatric 
Population Using Exposure Index 
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Verification of Ethos CBCT-guided online adaptive radiotherapy for prostate 
cancer using Raystation hybrid DIR algorithm, ANACONDA 
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Acceptance and commissioning of a Philips Incisive CT 
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Replanning of a proton therapy plan with photons: Analysis of a fast and effective 
method. 
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