
A Novel MU-driven Method for Regular Machine QA   
Badragan I, Badragan G  
Fraser Valley Cancer Centre, Surrey, BC  
   
Purpose: In this work, we introduce a novel approach for performing regular volumetric modulated arc 
therapy (VMAT) machine quality assurance (QA). Its advantages are contrasted against the usual methods 
employed in the clinical practice, some of which are based on the picket-fence standard tests introduced 
way back by Varian along with the VMAT technique.  
  
Materials and Methods: Based on a number of considerations to be presented, we’ve developed and 
tested a new approach for performing regular machine VMAT QA which takes advantage of the inner logic 
of the VMAT delivery algorithm and does not require specialized equipment apart from the linear 
accelerator’s portal imager. The software tools are currently implemented in the R programming 
language, with just a touch of Python. Any real VMAT plan can be used for the test and the data acquired 
for later analysis can include both portal images and dynalog/trajectory files if available.  
  
Results: To date, this new approach has been tested and implemented successfully in two British Columbia 
(BC) cancer centers for VMAT commissioning and regular machine QA. It resulted in significant financial 
and QA time savings. It is maybe worth mentioning that among other things, at one point it helped identify 
a very rare symptom, the weakening of the driving belt in one of our linear accelerators.  
  
Conclusions: We found the new method reasonable fast, easy to perform, and offering more relevant 
information about the adaptability of our Linac machines in delivering both VMAT and intensity 
modulated radiation therapy (IMRT) plans. It is very flexible, by using any real VMAT plan as generated by 
the treatment planning system (TPS) and thus not being limited to the classic picket-fence. Overall, we 
have been able to save on QA time by replacing existing methods with just this one. Although in this work 
we have focused on Varian Linac machines, the method can be quite easily adapted to other linear 
accelerators. Due to its advantages, we think it could definitely be a good tool in the arsenal of any 
practicing medical physicist. 
 
 
  



Pin Shot for Iso Walkout QA  
Badragan I, Chang A  
Fraser Valley Cancer Centre, Surrey, BC  
  
Purpose: A review of the traditional star shot (SS) technique, commonly employed by the annual Linac 
couch, collimator and gantry iso-center walkout quality assurance (QA) reveals a number of issues which 
we try to address by introducing a new approach for performing these tests, called Pin Shot (PS). The new 
method also achieves a better efficiency when taking advantage of the developer mode for Varian True 
Beam (VTB) Linacs.  
  
Materials and Methods: The PS method includes both hardware and software tools. The hardware has 
been developed in our machine shop and perhaps contrary to expectations is very simple and inexpensive. 
While initially implemented in the Python programming language, the software has been migrated to a 
new R-based engine, which offers a nice and convenient web interface. Data collection is achieved by 
using the machine’s portal imaging device and significant efforts have been put towards basing PS on a 
solid mathematical basis.  
  
Results: The PS technique has been used successfully for more than two years now, by the medical physics 
staff in two British Columbia cancer centers. We find the method to be very easy to perform, the setup to 
be quick and the data collection quite fast (~ 2 min / image set) when employing the VTB developer mode. 
It has been especially illuminating to discover the gantry walkout has a 3D path as opposed to just a 2D 
estimation as provided by the SS method.  
In addition, some advanced interface features, like rotation, zoom and point-specific data inspection are 
further enhancing the user QA experience.  
  
Conclusions: The PS method sports a simple setup, takes much less time especially when using the 
developer mode and the information obtained is more accurate and meaningful. All the shortcomings of 
the SS method are resolved, and with the right tools, the presentation of the results can be made 
interactive, fully 3D and simply beautiful. The traditional film is eliminated, thus saving significant costs 
and time whenever applicable. Given the above, we feel that the PS technique could be a better 
replacement for the common star shot annual QA approach. 
 
  



Implementation of 3D-Printing Technology  
Suliman Barhoum1, Denisa Bani2, Isaac Tavares1, Peter McGhee1   
(1) Department of Medical Physics, Regional Cancer Care Northwest, Thunder Bay Regional  
Health Sciences Centre, Thunder Bay, ON   
(2) Department of Physics, University of Toronto, Toronto, ON  
  
The use of 3D printing technology is being introduced to the radiation treatment program of the Thunder 
Bay Regional Health Sciences Centre (TBRHSC), Thunder Bay, ON. The purpose of this work is to use this 
technology clinically for manufacturing of custom bolus. Currently bolus is either made manually or 
supplied commercially. Such routinely used bolus has potential to fail to adequately conform to the 
patient. Also, the reproducibility of manually-fabricated bolus is questionable due to variations in its shape 
and the air gaps between the bolus and skin over the course of delivery of treatment.   
 
In this study, 3D printed bolus is designed from the computed tomography (CT) DICOM image data used 
for treatment planning. Both solid water and a Rando1 anthropomorphic phantom are used as test 
objects. The acquired CT images are exported to a Monaco2 treatment planning system (TPS) in order to 
generate the contours required to define the volume of the bolus. Once a satisfactory bolus design is 
established, 3D slicer-software3 uses both the DICOM-RT contour of the bolus and DICOM CT-images to 
segment the volume and save the result in a data format recognized by the 3D-printer. CT images of the 
bolus produced by the printer are then acquired. The resulting DICOM data set is used in combination 
with a script developed using MATLAB4 to quantify the mass density, CT number, relative electron density, 
and effective atomic number.  Additional measurements are then performed to characterize radiological 
properties and assess geometrical accuracy.  
                                                            
1 Alderson Radiology Support Devices, Long Beach, CA 90810 USA, Phone: 310-518-0527.  
2Elekta Ltd, H3A 2J5 Montréal QC Canada, Phone: 1-877-985-2442.    
3https://www.slicer.org/.  
4The MathWorks, Inc., Natick, MA 01760-2098 USA, 508-647-7000. 
 



Circumventing Radiation Beam and RF-Coil Collisions in the Alberta Rotating B0 Linac-MR 
Radim Barta, Vyacheslav Volotovskyy, Andrei Ghila, Keith Wachowicz, Satyapal Rathee, Nicola De Zanche, 
and B. Gino Fallone 
University of Alberta, Edmonton, AB 
Cross Cancer Institute, Edmonton, AB 
 
Medical linear accelerators (linacs) are used to deliver therapeutic doses of ionizing radiation (typically 

photons of energy in the MeV range) using beams that are aimed externally at the patient. Traditionally, 

onboard imaging has poor target visualization and relies on bony anatomy for patient positioning.  

Magnetic resonance provides soft-tissue imaging superior to traditional imaging onboard medical linacs 

and will enable real-time tumour tracking. In the Alberta linac-MR prototype the MR scanner rotates on a 

gantry with the linac so that the static B0 field required for MRI is always parallel to the radiation beam. 

The rotation of B0 presents a challenge for RF detector design due to gantry orientations in which the 

received signal will be ≅ 0 (e.g., B0 ⊥ to a surface coil). It is also a challenge because high MR image quality 

(signal-to-noise (SNR)) is achieved with close-fitting surface radio-frequency (RF) coil arrays near the 

tumour. Consequently, such coils may be struck by the radiation beam of the linac-MR; with standard 

construction coils will increase the dose to a patient's skin beyond acceptable levels, thus leading to 

radiation burns. 

We investigate two methods of addressing these challenges. The first is three-channel array that includes 

a radiation window through which the beam does not encounter coil conductors at any gantry angle. The 

array consists of a circular loop that couples to the patient axis and is always ⊥ to B0. Two butterfly coils 

couple to the horizontal and vertical axes perpendicular to the patient axis. 

In the second approach we allow collisions of the beam with the coils and investigate coil conductors of 

lower density (aluminum vs copper) and thickness to minimize surface dose. The effect of these 

conductors on image SNR is compared to that using coils made with standard conductors. 

 

  



Artificial Intelligence in Medical Physics: Current state and future opportunities 
Leigh Conroy 
Princess Margaret Hospital, Toronto, ON 
 
Artificial Intelligence (AI) is a rapidly developing field that is already transforming Radiation Oncology 
workflows and treatment capabilities. The role of the Medical Physicist will undoubtedly be impacted as 
this emerging technology continues to enter mainstream clinical practice. This session will discuss the 
current applications of and future opportunities for AI in Radiation Oncology and the promise of human-
in-the-loop workflow designs to leverage both machine and human intelligence. 
 
  



 
 
Convolutional Neural Networks for MRI guided radiotherapy 
Bryson Dietz1, Jihyun Yun2, Eugene Yip2, Zsolt Gabos3, B. Gino Fallone2,3,4, and Keith Wachowicz2,4 

(1) University of Alberta, Division of Medical Physics, Department of Oncology, Cross Cancer Institute 
(2) Division of Medical Physics, Cross Cancer Institute 
(3) Department of Oncology, University of Alberta 
(4) Department of Physics, University of Alberta 
 
Introduction: With the rapid advancements of hybrid linac-MRI treatment systems, real-time image 
reconstruction will become increasingly important for MRI guided radiotherapy (MRIgRT). We 
investigated the use of convolutional neural networks (CNNs) for the purpose of real-time on-the-fly MRI 
reconstruction. Six non-small cell lung cancer patients received fully-sampled free-breathing dynamic MRI 
scans (650 dynamic images), which we retrospectively undersampled at acceleration factors of 5x and 
10x. We further validated the CNN reconstruction using prospectively undersampled data acquired from 
a volunteer and motion phantom.  
 
Methods: Both the retrospective and prospective data were acquired with our 3T Philips Achieva system. 
The retrospective data allows for a quantitative comparison of the CNN reconstruction to gold truth data. 
The Dice coefficient (DC) was used to compare tumor segmentations from the CNN reconstructions to the 
fully sampled data. Reconstruction noise was investigated using the normalized mean square error 
(NMSE). Using a custom software patch, we acquired prospectively undersampled data from a volunteer 
at 4x acceleration and a motion phantom at 4x and 8x acceleration. The prospective data was used for a 
qualitative proof of concept. 
 
Results: The retrospective CNN reconstructed data at 5x and 10x acceleration averaged over six patients 
had mean DCs of 0.93 and 0.91 for their tumor segmentations, respectively. This is comparable to the 
intra- and inter-observer tumour segmentation calculated from expert radiation oncologists.1 The NMSE 
remained well below 0.02 for all patients and the average reconstruction time was 150 ms per image. The 
prospectively undersampled CNN reconstruction data yielded qualitatively acceptable images. 
 
Conclusions: We have shown that CNNs is suitable for real-time on-the-fly MR image reconstruction. The 
reconstruction speed for our current implementation is 150 ms; however, we anticipate an increase in 
image quality and reduction in reconstruction speed as we investigate the optimal CNN hyper-parameters 
in future studies. 
 
1 Yip et al. 2018. Med Phys 45(1): 307-313 

  



The development and clinical implementation of the Alberta Linac-MR: The Aurora-RT 
B. Gino Fallone 
University of Alberta and Cross Cancer Institute, Edmonton, AB 
 
The Aurora-RTTM is presented. The significantly improved soft-tissue visualization of live cine MR imaging 
while irradiating a stationary or moving tumour, can significantly tighten tumour-detection of the tumour 
and more accurately deliver dose to the tumour whole avoiding surrounding healthy tissues. The Aurora-
RT is an isocentrically mounted linac that rotates with a biplanar MR system with the linac’s central axis 
parallel to the MR system's magnetic Bo field. 
Characteristics are: 

1. Since Bo does not affect the dose plan and no electron return effect, conventional TPS can be 
used  

2. Peripheral targets can be placed at beam isocenter because of large 110 x 60 cm2 patient opening 
to allow optimal treatment options. 

3. Bo field optimized for best contrast in fast imaging, no dose perturbation, no MR distortion 
4. No increase in linac-head electron contaminations because of shielding design 
5. No need for helium vent because a cryogen-free superconducting MR is used 
6. MR Bo can be tuned on/off in minutes if required for servicing or incidences 
7. Installed through door/maze of conventional RT vault. 

 Various AI-based tumour auto-contouring for real-time MR guided RT currently developed will be 
presented with their performance.  Novel direct acquisition beam’s eye view MR images during on-line 
MRgRT delivery is also introduced and tested. Validation of Monte Carlo depth doses in polystyrene and 
lung phantom is presented, as well as, ion-chamber angular dependences in parallel and perpendicular 
linac-to-Bo configurations. Extremely accurate deterministic calculations within magnetic fields is 
presented for parallel and perpendicular configurations, which is verified with GEANT4, but calculated 
tremendously faster. The Cross Cancer Institute is preparing clinical studies to show the potential of the 
Aurora-RT in improving outcome for solid tumours, in general, and even, in decreasing the number of 
treatment sessions for some tumours. 
 
 
  



The Feasibility of Utilizing FFF Beams in Extended SSD VMAT TBI Treatment Planning  
R Frederick* 1,2, A Hudson 2,3, G Pierce 1,2,3  
(1) Department of Physics and Astronomy, University of Calgary, Calgary, AB  
(2) Department of Medical Physics, Tom Baker Cancer Centre, Calgary, AB  
(3) Department of Oncology, University of Calgary, Calgary, AB  
  
Total  body  irradiation  (TBI)  is  often  included  as  part  of  the  bone  marrow  transplantation conditioning  
regimen  for  patients  with  cancers  such  as  leukemia  and  lymphoma.  Because a homogeneous dose 
of radiation must be delivered to the entire body, TBI treatments demand a large  radiation  field  that  
often  necessitates  delivery  at  an  extended  source-to-surface  distance (SSD), resulting in supplementary 
set-up  procedures  that  increase  treatment  times.  These protracted treatment times lead to greater 
patient discomfort, and the possibility of increased intra-fraction motion. This work aims to decrease the 
overall treatment time while attaining acceptable dose uniformity through the use of flattening filter free 
(FFF) high dose rate delivery. In addition, the design of stock volumetric modulated arc therapy (VMAT) 
TBI plans based on patient physical dimensions is evaluated for the purpose of reducing planning time.  
 
To investigate the feasibility of using FFF for TBI treatments, a planning study was completed that 
consisted of a 47 patient cohort previously treated using the Tom Baker Cancer Centre’s clinical  AP/PA  
VMAT  TBI  technique  (4Gy/2  fractions,  extended  SSD  with  beam  spoiler). Standard treatment plans 
were created by stratifying patients into six categories based on their height and anteroposterior (AP) 
width at the umbilicus level. The clinical technique open field arcs were used as a plan base, with the 6 
MV beams modified to be 6 MV FFF. MLC leaf positions were forward planned for each patient category 
based on the assessment of mid-plane lateral dose profiles collected at 9-10 cranial-caudal locations for 
three patients from each category. Python™ code moved the MLC leaves to their calculated positions, and 
this modulation was applied to all patients to provide a more homogeneous dose. The generated FFF 
VMAT TBI plans were then dosimetrically compared to clinical plans, and additionally evaluated based on 
time efficiency. 
 
  



Monitoring dose to cardiac implantable electronic devices using optically stimulated luminescent 
dosimetry  
E. Ghasroddashti1,2,3, M. Balderson, T. Skara, B. Kim4, J. Groeneveld 1, and C. Kirkby1,2,3 

(1) Department of Medical Physics, Jack Ady Cancer Centre, Lethbridge, Alberta 
(2) Department of Oncology, University of Calgary, Calgary, Alberta  
(3) Department of Physics and Astronomy, University of Calgary, Calgary, Alberta  
(4) Dr. H. Bliss Murphy Cancer Centre, St. John’s, Newfoundland and Labrador 
 
Introduction: Ionizing radiation can induce errors in the operation of cardiac implantable electronic 
devices (CEIDs) including pacemakers. Therefore dose delivered to such devices during RT must be limited. 
To monitor the dose to the CIED, in vivo surface dose measured by devices such as optically stimulated 
luminescent dosimeters (OSLD) is used as a surrogate. The goal of this study is to investigate the relation 
between the OSLD reading and the actual dose to the sensitive electronics within the CIED. 
   
Methods: Out-of-field measurements were made with OSLDs placed within solid water and bolus at five 
different locations/depths and exposed to 6 MV photon beams. The OSLD at one position was placed 
inside a pacemaker housing. Since out-of-field radiation has a significantly lower mean energy than the 
primary beam and OLSDs have an energy-specific response, Monte Carlo (MC) simulations were used to 
estimate the energy spectra as a function of phantom depth and off-axis position, and generate 
corresponding correction factors.  
 
Results: Preliminary results indicate that the dose to the electronics within a pacemaker is substantially 
less than dose measured by the OSLDs at the surface. For the case of the pacemaker at the depth of about 
0.5 cm of tissue-equivalent-material (TEM), the measured dose to the pacemaker was less than 68% of 
the surface dose measured by the OSLD (CL=95%). OSLD correction factors generated by MC simulations 
suggest values as low as 0.90 outside of the field. 
 
Discussion/Conclusions: Direct measurements suggest that OSLD-based surface measurements tend to 
over-estimate the actual dose delivered to the electronics within the CIED. Because we’re over-estimating 
and we’re most often interested in whether dose to the device is near or above a pre-determined 
threshold, the use of OLSDs as a surrogate is a clinically acceptable practice. The measurements are not 
necessarily an accurate reflection of the actual dose received by the electronics.  Correction factors may 
be applied for more accurate dosimetry. 
 
  



Hybrid Approach to Estimate Patient Multiply Scattered Energy Fluence into an Electronic Portal 
Imaging Device (EPID)  
Kaiming Guo1, 2, Boyd McCurdy1, 2 
(1) Medical Physics, CancerCare Manitoba 
(2) Dept. of Physics & Astronomy, University of Manitoba 
 
A medical linear accelerator generates therapeutic x-rays with megavoltage (MV) energies, delivering the 
prescribed energy pattern to the patient. An MV imager (EPID) can capture the therapy beam exiting the 
patient, which can be used to verify the complex intensity patterns delivered.  However, the fluence 
entering the EPID is contaminated with patient-induced scattered photons, which reduces image contrast 
and also reduces the accuracy of in vivo patient dose calculations derived from the EPID imaging.  If the 
patient-induced scattered photon fluence can be estimated, it can be removed from the EPID images, 
improving image contrast and improving accuracy of in vivo patient dose calculations.  
 
Our group investigated a hybrid algorithm combining analytical (AnA) and Monte Carlo (MC) techniques 
to provide accurate and fast estimates of the unwanted patient photon scatter fluence entering the EPID.  
Since analytical methods are known to be accurate for singly-scattered photons, the current work focuses 
on multiply-scattered photon fluence. 
 
The Monte Carlo simulation was modified so the energy fluence entering the scoring plane was based on 
the cross section probability for the discrete direction exiting the second or higher order interaction site, 
and accounted for the attenuation from interaction site to each pixel of the detector.  
 
The calculated, multiply-scattered photon fluence was compared with an EGSnrc-based validation tool for 
two simple geometric phantoms using a 1.5MeV monoenergetic, divergent x-ray beam with a 10x10 cm2 
field, source-imager-distance 150 cm, and 40x40 cm2 imaging plane.  
 
For the phantoms tested here, the mean percentage differences between the hybrid and EGSnrc 
predictions for the multiply scattered photons were less than 0.7% and standard deviation of the mean 
less than 1.7 %. This approach can accurately predict multiply-scattered energy fluence entering the 
imager.  In future, this method will be verified in more clinically realistic situations (i.e. human anatomy 
and complex beam fluences).  
  



The Air in There: What to do with very low density media inside a PTV 
C. Kirkby,1,2,3 B. MacAusland,1 K. Campbell,1 and E. Ghasroddashti,1,2,3 

(1) Department of Medical Physics, Jack Ady Cancer Centre, Lethbridge, AB  
(2) Department of Oncology, University of Calgary, Calgary, AB  
(3) Department of Physics and Astronomy, University of Calgary, Calgary, AB  
 
 

Introduction: Very low density (VLD) media (HU  approx. -900) can be problematic for VMAT dose 
optimization because of differences between the intermediate and more accurate full calculations 
performed by algorithms like AcurosXB (Varian, Palo Alto, CA, USA).  Often planners employ time-
consuming techniques to separate the PTV into VLD/non-VLD components and modify goals/constraints 
to develop an acceptable plan.  In principle this can increase fluence to any VLD regions and may lead to 
delivered dose distributions vastly different than those predicted when the higher density tumour shifts 
within the PTV from the planning position. 
 
Methods: A virtual lung phantom was generated with a PTV consisting of a 2 cm diameter CTV=ITV (HU = 
0), and a surrounding 1 cm shell (HU = -975).  Two optimization strategies were applied: (i) As Is—the PTV 
including the VLD shell was optimized, and (ii) Modified—the optimization was repeated with HU = -734 
(lung tissue) overriding the default HU in the VLD shell.  The two approaches were compared with the ITV 
shifted 1 cm the VLD shell (re)set to HU = -975. 
 
Results: Both approaches generated acceptable plans. When the ITV shifted, ITV dose heterogeneity 
increased, more so for the As Is approach, although in both cases 96% < ITV dose <116%. PTV dose 
heterogeneity increased substantially for the Modified case with D95 dropping to 92%.  
 
Discussion/Conclusions: VLD media in the PTV can lead to differences between planned and delivered 
dose.  However, the model problem investigated here suggested that these differences are clinically 
acceptable using either of the two planning approaches investigated. 
 
 
  



Implementation of post Liver Stereotactic Body Radiation Therapy PrimovistTM MRI Scans for the  
Assessment of the Threshold Dose Associated with Focal Liver Reaction 
S Kuznetsova1, K Thind1,2, N Ploquin1,2  
(1) Department of Physics and Astronomy, University of Calgary, Calgary, AB 
(2) Department of Oncology, Division of Medical Physics, Tom Baker Cancer Center, Calgary, AB 
  
Stereotactic Body Radiation Therapy (SBRT) technique involves the delivery of prescribed radiation dose 
with either the same or greater biologically effective dose (BED) as conventional radiotherapy. However, 
there are radiation-related toxicities associated with liver SBRT, mainly radiation-induced liver disease 
(RILD). RILD becomes a concern, particularly for cases where the function of the liver is already 
compromised, thus hampering patient's quality of life1, 2. The goal of this study is to assess the threshold 
dose associated with focal liver reaction that can be visualized on PrimovistTM contrast enhanced MRI 
scans post-SBRT.   
 
Employing PrimovistTM contrast enhanced MRI scans (8-12 weeks post-SBRT) allows for the direct 
visualization of focal liver reaction which appears as a hypo-intensity on an image. The threshold dose 
assessment involves using information from the planning CT scans containing dose distribution 
information. Registering both scans (MRI and CT) allows us to correlate the dose and the delineated region 
corresponding to focal liver damage. Structure-guided deformable image registration using Velocity AI 
was implemented for five patients who received 36-50 Gy in 4-5 fractions. Anatomical landmarks were 
located on corresponding scans, and the distance between these landmarks was evaluated post image 
registration. The hypo-intense region on an MRI was delineated using a custom algorithm, and the dose 
distribution within the region was visualized and mean BED2 (𝛼/𝛽 = 2) was quantified.   
 
The median target registration error was quantified to be 4.1 mm for the image registration approach 
chosen3. The median (range) mean BED2 for five patients was 260 Gy (183-323 Gy).  
 
This study has shown preliminary results concerning the feasibility of quantification of the BED2 related to 
the focal liver reaction; where a combination of auto-delineation and image registration was 
implemented.  Future work will include extending this approach to a larger patient cohort and further 
assessment of dose distribution within delineated region.  
 
1H. Doi et al. Anticancer Research 2018; 38:591-599. 
2A. Sahgal et al., Clinical Oncology 2012; 24:629-639. 
3S. Kuznetsova et al. Medical Physics 2018 (Submitted). 

 
 
  



A Case for Upright Radiotherapy 
Thomas Rockwell Mackie 
Emeritus Professor, University of Wisconsin 
 
Treating patients in the upright position is not new as it has been used for photon, proton, and carbon ion 
radiotherapy for many years. Upright proton and carbon radiotherapy offer many cost advantages by 
eliminating the need for an expensive gantry but requiring only a multi-position sophisticated chair-based 
patient support system. In addition, there are medical and practical advantages to treatment in the 
upright position for conventional external beam photon radiotherapy. It has been shown that lung 
radiotherapy would be advantageous for three reasons: 1) the lung is more inflated in the upright position 
reducing lung density and lowering normal tissue integral dose, 2) the lung moves less in the upright 
position, and 3) patients who cannot control coughing are more comfortable and less likely to choke. It 
has been shown that H&N patients can be setup accurately in the upright position and are more 
comfortable if they have swallowing or gastric reflux difficulties. Treatment planning images can now be 
acquired with MRI or CT scanners that allow upright patient positioning. The seminar will also describe 
the world’s first dedicated upright photon beam radiotherapy system being developed by Leo Cancer 
Care.  
 
Disclosures: I am chairman of Leo Cancer Care. I am also co-founder and chairman of Asto CT, which has 
developed a multi-axis CT scanner for veterinary use.   
  



When Gantries Collide: Automated patient specific treatment collision mitigation using Eclipse Scripting  
T Mann1,2 , N Ploquin1,3, K Thind1,3  
(1) Tom Baker Cancer Center/Department of Medical Physics, Calgary  
(2) University of Calgary/Department of Physics and Astronomy, Calgary  
(3) University of Calgary/Department of Oncology, Calgary  
  
Noncoplanar  treatment  couch  rotations  for  Stereotactic  Radiosurgery  increase  the  risk  of collisions. 
Performing an automated patient specific clearance check during the treatment planning process 
prevents the need for re-planning.  
 
Collision detection software was designed using Eclipse Scripting API (ESAPI) to access patient treatment 
plan data. The software uses an accurate 3D model of the Truebeam radiosurgery system created from 
gantry measurements. It performs a fast gantry clearance check using a bounding volume tree hierarchy 
algorithm.  
 
To demonstrate software accuracy, an anthropomorphic phantom was treatment simulated using a single 
laterally central isocenter located near the base of skull. Measurements of the minimum distance between 
the gantry, treatment couch, and phantom were taken for three 180 degree arcs at 5 degree intervals 
with couch angles of 0, 45, and 90 degrees. The physical measurements were then compared to the 
predicted minimum distance given by the software. 
 
The mean difference between the true and predicted measurement for all couch angles was -0.2 cm with 
a median difference of -0.1 cm and a standard deviation of 0.8 cm. The software was able to predict 
minimum distances for all angles measured to within an accuracy of 2 cm.   
 
The software was shown to be accurate at predicting distances between the gantry, couch, and phantom 
to within 2 cm, which validates the use of a 5 cm patient safety margin to account for any uncertainties 
for clinical rollout. Through eclipse scripting, the software is easily introduced during the treatment 
planning process with minimal additional resources or time required for pretreatment clearance checks. 
 
  



Case Report Using VMAT for Upper Hemibody Treatment of Extensive Metastatic Bone Lesions  
Britny Martens, Hongwei Liu 
Central Alberta Cancer Centre  
 
 Wide spread bone metastases often result in severe uncontrolled pain for palliative cancer patients and 
present several treatment challenges including concerns of re-irradiating volumes, minimizing toxicity, 
reducing normal tissue doses and reducing the burden of multiple treatment/hospital visits. Single dose 
hemibody irradiation (HBI) using a standard AP/PA field technique is a cost effective, relatively simple 
treatment which produces a rapid response, however can often result in several toxicities. Furthermore, 
radiation dose is limited by lung tissue tolerance for upper HBI. This case study investigates using VMAT 
to deliver 800cGy/1fxn to the upper HBI. The treatment plan was created using 3 full arcs with varying 
collimator angles. Maximum field sizes were utilized with AAA algorithm and 0.25cm grid size. Target 
optimization objectives were placed on the GTV and PTV and OAR objectives placed on the lungs as well 
as two control volumes to drive the dose down centrally throughout the treatment volume. 
 
The GTV included the upper skeleton from T4 to L2 and the PTV was generated using a 1.0cm margin. 
Dose was normalized to a PTV_norm with 100% dose to cover 90% of the PTV_norm. The mean lung dose 
was 565cGy. Prior to treatment KV orthogonal images were used to verify patient position followed by a 
CBCT image to verify PTV coverage and lung avoidance. Overall the patient tolerated treatment very well 
with minimal acute toxicity and no hospitalization was required. Limitations to utilizing VMAT is the 
lengthy planning, computation and quality assurance procedures required compared to an AP/PA 
technique. More research is required to demonstrate any potential benefits to the patient with respect 
to clinical endpoints to justify increased work demand on quality assurance and planning requirements.    
 
  



Image Quality in 4DCT for SBRT: You can’t always get what you want 
Ian Nygren 
Department of Oncology, University of Alberta, Edmonton 
Central Alberta Cancer Centre, Red Deer, Alberta Health Services 
 
Purpose: A method of accounting for abdominal and thoracic motion in radiotherapy patients is the use 
of 4DCT. This technique makes use of a slow moving couch and some method of tracking the patient’s 
breathing signal, commonly a bellows around the abdomen or some external marker. Stereotactic Body 
Radiation Therapy (SBRT) is frequently used to treat relatively small tumours in the abdomen and thorax. 
Narrower CT slice thickness may help visualization and contouring of these tumours, but may adversely 
impact image quality.  
 
Methods: A static image quality phantom (CatPhan) was imaged using 4DCT with varying slice thicknesses 
(3mm, 2mm and 1mm). Image quality parameters are assessed using DoseLab and compared between 
image sets. 
 
Results: Preliminary results show a slight increase in spatial resolution, along with a decrease in contrast-
to-noise ratio (CNR), with decreasing slice thickness. Low contrast resolution also decreases, as is expected 
with increasing noise.  
 
Conclusion: Reducing slice thickness in 4DCT may improve some aspects of image quality while worsening 
others. Increased noise may be mitigated by increasing exposure, although this will also result in increased 
imaging dose. These factors should be taken into account when determining whether or not a reduction 
in slice thickness is necessary. 
 
  



The ACCEL Trial: the Albertan experience to date with Accelerated Partial Breast Irradiation  
Sarah Quirk, Petra Grendarova, Ivo Olivotto, Michael Roumeliotis 
Tom Baker Cancer Centre, Calgary, AB 
  
The ACCEL trial is an Alberta-led, phase II, accelerated partial breast clinical trial designed to determine a 
safe treatment regimen that can be delivered in only five consecutive days, with a primary endpoint of 
assessing patient toxicity. A unique prescription is investigated (27 Gy in 5 daily fractions) and, for the first 
time in external beam partial breast, a rigorous, class-solution has been applied to achieve high dose 
conformity and ensure consistent plan quality across institutions.  
 
The one-year interim results are promising with excellent cosmetic outcome and no grade two fibrosis. 
As the ACCEL trial is set to conclude in mid-2019, western Canada is in an excellent position  to  lead  a  
phase  III  clinical  trial  to  promote  Canada-wide  adoption  of  the  ACCEL accelerated partial breast 
irradiation technique. A successful five-day prescription regimen will enable  women  with  early  stage  
breast  cancer  to  receive  a  more  convenient  treatment  with equivalent efficacy and patient-
experienced toxicity compared to the current standard of care. For this phase III trial to be successful, a 
multi-disciplinary understanding across radiation therapy, dosimetry, radiation oncology, and medical 
physics is critical. 
 
  



Power Doppler ultrasound for improved intraoperative needle tip visualization during prostate  
brachytherapy   
Nathan Orlando1,2, Jonatan Snir3, Kevin Barker2, Douglas Hoover4, Aaron Fenster1,2  
(1) Department of Medical Biophysics, Western University 
(2) Robarts Research Institute, Western University 
(3) Tom Baker Cancer Centre, Calgary, Alberta 
(4) London Regional Cancer Program; London, Ontario  
 
Introduction: High-dose-rate (HDR) brachytherapy (BT) for prostate cancer is a minimally invasive 
procedure that relies on accurate needle tip identification to ensure patient safety and delivery of the 
prescribed radiation dose. Image artifacts can make it difficult to visualize the needle tip accurately using 
standard 2D brightness (B)-mode Ultrasound (US) guidance. To overcome these limitations and improve 
intraoperative needle tip visualization, we hypothesize the use of power Doppler (pD) while a mechanical 
perturbation is applied to the needle of interest will improve intraoperative needle tip visualization 
compared to standard B-mode US.  
  
Materials and Methods: An experiment was completed in a tissue-mimicking agar phantom following 
standard clinical procedure representative of a clinical HDR-BT procedure. For each needle, the tip 
location was selected by two observers, first using B-mode US and then using pD US while the needle was 
vibrated. Tip identification accuracy was estimated as mean insertion depth error (IDE), which is the 
difference between the tip position obtained from B-mode or pD US and the gold standard tip position, 
determined using end length measurements.   
  
Results: Correlation of IDE between two observers was found to be r=0.607, with a paired t-test showing 
no statistically significant difference (n=26). No significant correlation was found between IDE and needle 
insertion depth, and needle distance from the US probe had no statistically significant effect on IDE. 
Importantly, there was a statistically significant main effect for US imaging method on IDE (p < .0002).  
  
Discussion and Summary: Our pD US tip identification method reduced mean IDE compared to B-mode 
US for both unobstructed and shadowed needles. Our method is robust, performing well regardless of 
observer, needle insertion depth, and distance from the US probe. Future work will focus on translating 
this method to clinical HDR-BT procedures, where it has the potential to improve patient safety and 
treatment effectiveness.   
 



High-resolution TRASE MRI using geometrically-decoupled twisted solenoid pair   
Hongwei Sun  
Medical Physics Division, Dept. of Oncology, University of Alberta  
 
MRI is a powerful, non-invasive imaging technique that reveals the internal structure and function of the 
human body with superb quality.  However, accessing a commercial MRI system is restricted due to high 
purchase, installation and running costs. Therefore, there is a growing interest in lower cost alternatives 
to mainstream MRI systems for use by under-served patient populations1,2, including those in smaller, 
remote centres, and in portable scenarios such as surgical intervention, triage, primary care suites. By 
using a modified  radio  transmitter  our  group  has  shown  that  conventional  switching  gradient systems 
can be eliminated, resulting in substantial costs savings. This radio-frequency (RF) approach (‘TRASE’) uses 
RF phase gradient to achieve spatial encoding and has been distinguished by its potential to generate sub-
mm clinical image resolution (featured in “Research Highlights” in Nature in 20133).  In combination with 
lower field permanent magnets TRASE promises the possibility of cheaper, portable, yet high-resolution 
MRI systems. To date, 2D TRASE encoded in-vivo MRI images of wrist have been obtained in our group3, 
showing great promise for its clinical application. However, in-vivo image resolution was limited because 
the slow RF transmission.  Recently a highly efficient twisted solenoid coil was proposed4. This novel coil 
can be rotated to generate phase gradient along any orientation within the transverse plane, providing 
simple configuration for coil combination. Since the image spatial resolution is critically reliant on the 
difference of phase gradients generated by each RF transmit coil, the cooperation of two such coils permit 
high resolution single-axis encoding. However, to date no results have been reported to investigate the 
use of a twisted coil pair due to strong coupling. Here we demonstrate that two twisted solenoids can 
function together, with additional regular solenoid pair attached for geometric decoupling, resulting in 
doubling the spatial resolution proposed previously.  
  
  
1Cooley, C.Z., J.P. Stockmann, B.D. Armstrong, M. Sarracanie, M.H. Lev, M.S. Rosen, and L.L. Wald, Two-dimensional imaging in a 
lightweight portable MRI scanner without gradient coils. Magn Reson Med, 2014.   
2Gerlach, R., R. du Mesnil de Rochemont, T. Gasser, G. Marquardt, J. Reusch, L. Imoehl, and V. Seifert, Feasibility of Polestar N20, 
an ultra-low-field intraoperative magnetic resonance imaging system in resection control of pituitary macroadenomas: lessons 
learned from the first 40 cases. Neurosurgery, 2008. 63(2): p. 272-84; discussion 284-5.  
3Sharp, Jonathan C., Scott B. King, Qunli Deng, Vyacheslav Volotovskyy, and Boguslaw Tomanek. 2013. “High-Resolution MRI 
Encoding Using Radiofrequency Phase Gradients.” NMR in Biomedicine 26 (11): 1602–7.  
4Sun, H., S. Yong and J. C. Sharp (2019). "The twisted solenoid RF phase gradient transmit coil for TRASE imaging." Journal of 
Magnetic Resonance 299: 135-150. 
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The PROFIT fractionation scheme (60Gy/20 fractions) for localized prostate cancer patients is currently  
widely  used  in  cancer  centres  due  to  its  convenience  and  similarity  in  efficacy  and toxicity  to 
conventional treatments.  The widespread implementation has raised the concern  of inter-institutional  
plan  quality  divergence  considering  that  patients  treated  in  different  centres should  have  the  same  
quality  of  care.  Organ-specific  dosimetric  parameters  and  dose  volume histograms  (DVHs),  which  
summarize  the  planned  3D  dose  distributions  within  volumes-of-interest, are considered to be closely 
related with toxicity and tumor control, and are clinically used for plan quality evaluation. The present 
work reports on an inter-institutional comparison of PROFIT-based plan quality.  
  
In this study, PROFIT-based radiotherapy plans from the four cancer centres in Alberta (CACC, CCI, JACC, 
and TBCC) were assessed. All the plans were created between Jan 2017 to Dec 2018 on Eclipse TPS (Varian, 
Palo Alto, CA, USA) with a VMAT technique. Plan quality, evaluated by dosimetric parameters, was 
compared between centres and statistically assessed using one-way ANOVA and Game-Howell post hoc 
tests. The dosimetric parameters include PTV D99% and D1cc, left and right femoral head D5%, rectal wall 
D30% and D50%, bladder wall D30% and D50%.  Full DVHs for target volume and OARs were also assessed.  
Thirteen  features  were investigated  as  the  potential  factors  leading  to  inter-institutional  plan  quality  
differences. Preliminary results have identified statistically significant differences in 10 features (PTV 
volume, CTV  volume,  left  and  right  femoral  head  volume,  rectal  wall  volume,  bladder  wall  volume, 
number of arcs, dose calculation algorithm, optimization algorithm, and machine type), though whether 
any of these differences are clinically significant remains an outstanding question. For the whole patient 
population, tree-based methods including bagging, random forest, and boosting were used to recognize 
the most important features causing plans to meet or not meet the FROFIT-specific dose objectives.   
 
  



 

Commissioning of a second check software (Mobius3D and MobiusFx) 
Varun Thakur 
Allan Blair Cancer Centre – Saskatchewan Cancer Agency, Regina, SK 
 
Background: Mobius3D and MobiusFx from Mobius/Varian provides commercial solutions to the second 
check of treatment plan calculations and continual monitoring of the dose delivery. Mobius3D does an 
independent dose calculation on the patient’s CT using the patient’s plan and structure set exported from 
the TPS. MobiusFx utilizes machine log files from each fraction and use them to calculate dose on the 
patient’s CT set.  
 
Objective: PDD, OF and OAR were used to compare beam models used in the TPS and Mobius3D’s pre-
configured reference data (scaled to match our clinical data). Once beam data is verified, a set of simple 
open field plans (total = 98) and complex site-specific patient plans (total = 71) were calculated in the TPS 
and exported to the Mobius3D for comparison. Gamma criteria of 3%, 3mm and 3%, 2mm with threshold 
dose of 10% was used for the evaluation. For MobiusFx, a known error was introduced by manipulating 
log files and results were verified using MobiusFx.   
 
Results: PDD comparison of five TrueBeam photon energies and two iX photon energies (for three field 
seizes and at three depths) showed an average percentage difference of 0.43 ± 0.43. OF and OAR 
comparison showed average percentage difference of 0.28 ± 0.25 and 0.44 ± 0.55 respectively. Simple 
plan (98) showed on average 97.6% gamma (3%, 3mm) passing rate and clinical plans (71 plans) showed 
overall 98.5% (3%, 3mm) and 96.9% (3%, 2mm) gamma passing rate. Out of the 71 clinical plans, four 
plans showed less than 90% pass rate, these failures were at the interface of low-high density and at the 
surface. For MobiusFx, a change in MLC position was introduced through log files and corresponding 
change was verified in MobiusFx.  
 
Conclusions: Mobius3D and MobiusFx showed acceptable commissioning results and are ready for the 
clinical use. 
 
  



An Evaluation of Intrafraction Motion in the Spinal SBRT Program at the Tom Baker Cancer Center 
T.R.Wood1,2, A. Hudson1,2,3, M. Faruqi3, G. Lim3, S. Loewen3, N. Ploquin1,2,3 
(1) Department of Physics and Astronomy, University of Calgary, Calgary, AB 
(2) Department of Medical Physics, Tom Baker Cancer Centre, Calgary, AB 
(3) Department of Oncology, University of Calgary, Calgary, AB 
 
Stereotactic body radiotherapy (SBRT) is an effective therapeutic technique providing excellent local 
tumour control for spinal metastases and is an emerging standard of care for a subset of this patient 
population. In SBRT, a high biologically effective dose is delivered to tumours while sparing nearby tissue 
and organs in 1-5 fraction. This is made possible by advances in radiation treatment planning, delivery and 
the use of imaged guided patient positioning techniques, such as a robotic six-degrees of freedom (DOF) 
treatment couch and cone beam computed tomography (CBCT), to decrease patient setup position errors. 
The purpose of this study is to assess the current immobilization technique used in the Tom Baker Cancer 
Center’s spinal SBRT program by examining intrafraction patient motion and setup error. Patient 
translation and rotation position data are extracted via the couch positions of pre, mid and, when 
available, post fraction CBCTs for 24 patents. In addition, the final setup CBCT was compared to the 
treatment beam position, and means, standard deviations (SD), and the resulting margins (2 SD) are 
examined for both setup error and intrafraction motion. These results will help inform the margin choice 
in the Tom Baker Cancer Center’s (TBCC) spinal SBRT clinical program. Margins achieved to date, 
intrafraction and setup error distribution statistics, and an outline of TBCC’s spinal SBRT program will be 
presented. 
  



A new approach to dose calculations in MRIgRT: a grid based Boltzmann solver with magnetic fields  
Ray Yang1, Dan Michael Santos2, B. Gino Fallone1,2, Joel St-Aubin1,3  
(1) Department of Oncology, Medical Physics Division, University of Alberta, Edmonton, AB 
(2) Department of Medical Physics, Cross Cancer Institute, Edmonton, AB 
(3) Department of Radiation Oncology, University of Iowa, Iowa City, Iowa, USA  
  
Purpose: A novel deterministic Grid Based Boltzmann Solver (GBBS) is being developed towards accurate 
and efficient dose calculation for MRI-guided radiotherapy.  
  
Methods: The GBBS was discretized through a multigroup energy-adaptive space-angle discontinuous 
finite element (DFEM) framework. Novel techniques were developed to facilitate upwind stabilization of 
the magnetic field operator on the unit-sphere and an energy adaptive angular mesh scheme to efficiently 
model anisotropy. 3D gamma analysis compared the deterministic dose calculations against Geant4 
Monte Carlo calculations for heterogeneous phantoms containing low density lung and air in the presence 
of 0.5 T parallel and 1.5 T perpendicular magnetic fields. Runtimes were noted for a prototype Matlab 
implementation on an Intel i7-6700K processor.  
  
Results: In all dosimetric cases, over 94% (99%) of points passed a stringent 1%/1 mm (2%/2 mm) gamma 
criterion. Computational complexity was reduced significantly using the energy adaptive angular meshing 
strategy, with a higher resolution angular mesh in the forward-peaked direction for parallel magnetic 
fields, and an isotropic angular mesh for perpendicular fields. Non-parallelized runtime for a beam 
containing 100,000 voxels averaged 11 minutes for 0.5 T parallel magnetic field and 13 minutes for 1.5T   
perpendicular magnetic field. Our GBBS is unconditionally stable with an absence of ray-effects, and is 
free from statistical uncertainty.  
  
Conclusion: A flexible energy-adaptive deterministic dose calculation was developed and demonstrated 
excellent agreement with Monte Carlo in the presence of strong magnetic fields. Runtimes benefitted 
from physics-based minimization of numerical degrees of freedom with potential for further 
parallelization towards clinical treatment planning for MRI-guided radiotherapy. 
 
  



Non-invasive intra-fractional tumour-tracked radiotherapy (nifteRT) in the Alberta Linac-MR 
J. Yun, E. Yip, K. Wachowicz, Z. Gabos, S. Rathee, B. G. Fallone 
Cross Cancer Institute, Edmonton, AB 
 
Purpose: To develop non-invasive intra-fractional tumour-tracked RadioTherapy (nifteRT) in the Alberta 
linac-MR.  
 
Materials/Methods: NifteRT is a novel technique being developed since 2008, to enhance the geometric 
accuracy, patient comfort, and efficiency of RT for the treatment of mobile tumours (lung, liver, 
pancreatic, etc). NifteRT does not require surgical implant of tumour surrogates prior to RT. While the 
patient is under free breathing, it is our plan to have nifteRT automatically detect the tumour from each 
of the continuous MR images, and concurrently adjust the shape and predictive position of the beam on-
the-fly via multi-leaf collimator (MLC) control. During nifteRT, the therapeutic radiation is continuously 
delivered without any gating. 
 
We have been investigating the requirements for nifteRT: (1) characterization of MLC motor operation in 
an external magnetic field, (2) radio frequency noise shielding for proper MR imaging during MLC 
operation, (3) development of tumour auto-contouring algorithm, (4) development of tumour motion 
prediction algorithm, and (5) development of real-time MLC control system. Artificial intelligence has been 
an essential tool applied to several components of nifteRT. Built upon these studies, we reported the 
world’s first demonstration of nifteRT through a phantom study in our prototype linac-MR. While our 
motion phantom was emulating 1D lung tumour motion within the linac-MR (motion range: 4 cm, period: 
5.1 s, max. speed: 3.1 cm/s), our nifteRT system automatically detected the moving target and delivered 
highly conformal 6MV radiation beam. Radiation exposure to the moving target was measured using 
Gafchromic films for 2 minutes.   
 
Results/Conclusion: Comparing non-moving and moving target radiation exposures, the 50% beam width 
stayed within 0.3 mm, and the increase in 80% – 20% penumbra width was limited to 1.7 mm. Considering 
4 cm of target motion range, our experiment demonstrated that successful nifteRT has potential to reduce 
the geometric margin by 95% (4 cm to 0.17 cm).  
 
 


