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Conclusion 
The MV imager mounted on the Elekta Unity MR‐Linac is a 
fast and reliable method of measuring daily output as a 
constancy check between weekly ion chamber 
measurements. The panel is also capable of performing 
field size QC for fields up to 20x8cm and generating values 
for beam symmetry. The Unity MR‐Linac was found to be 
extremely stable for all QC parameters over a six‐month 
period. For the clinical MR‐Linac, the EPID will form a 
useful role in minimising time required for daily QC 
checks. 
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Purpose or Objective 
Large clinical efforts and substantial beam time are 
invested in patient specific verification (PSV) 
measurements for pencil beam scanning (PBS) proton 
therapy. Despite the big expenditure to conduct these 
measurements the added value to ensure the treatment 
integrity is not given without doubt. Hence, there is an 
urgent need to remove the PSV‐bottleneck in the clinical 
work‐flow, while upholding the high safety standards. 
Capabilities of current PSV methods to ensure the 
treatment integrity are investigated and compared to an 
alternative approach of reconstructing the dose directly 
from the machine control‐ or delivery log files with the 
help of an independent dose calculation (IDC) (Figure 1). 
The results from this investigation motivate the design and 
implementation of a clinical measurement free PSV 
protocol. 
 

 
 
Material and Methods 
Six realistic delivery or work‐flow failure scenarios based 
on in‐depth assessment of the clinical procedures, were 
simulated on a varying range of patients and indications. 
Examples are patching miss alignment in a large head and 

neck case or a simulation of imprecise spot positions 
during the delivery in a highly modulated IMPT plan 
surrounding the spinal cord. Investigating these scenarios 
is an important extension of the sensitivity analysis of the 
method on a single treatment field, conducted and 
published in prior. The failure simulations were realized 
by inclusion in the machine files. These altered machine 
files were delivered and measured with our clinical PSV 
measurement protocol. IDC machine‐ and log file checks 
were conducted and their sensitivity at detecting the 
errors was compared to the measurements. Further, a 
conclusive analysis of failure detection probability 
considering the whole clinical chain with measurements 
and with the alternative IDC checks was performed. 
Results 
The PSV measurements showed a poor performance in 
detecting small, but clinically relevant alterations in the 
machine file. An example dose difference, which the PSV 
measurement was not able to detect, is displayed in Figure 
2. The previously determined sensitivity of the IDC checks 
could be verified on the varying patient geometries and in 
combination the method was shown to out perform the 
measurements. The clinical PSV measurement protocol 
was able to correctly detect 2 out of 6 failure scenarios, 
while the IDC checks had a perfect detection record. The 
knowledge of the detection sensitivity and the failure 
detection probability highlighted the strengths and 
weaknesses of the investigated methods and enabled the 
definition of a new clinical measurement free PSV 
procedure. 
 

 
 
Conclusion 
Machine‐ and log‐file IDCs have been shown to represent 
a valuable and more sensitive addition to the QA 
procedure. The reported performance of the IDC yields a 
big potential for replacing PSV measurements, which 
would significantly streamline the quality assurance 
procedure. Currently in our clinic the defined 
measurement free PSV procedure is in the process of 
clinical implementation. 
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Purpose or Objective 
It is mandatory with new legislation to perform risk 
analysis in the Czech Republic to prevent accidents or to 
minimize their occurrence in radiotherapy. The failure 
modes and effects analysis (FMEA) is a recommended tool 
to fulfil this requirement.  The aim of this work was to 
estimate values of O (occurance), S (severity), D 
(detectability), and RPN for possible failures in the IMRT 
process tree; and to describe systematic national 
approach to this problem. 
Material and Methods 
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The group of medical physics experts in radiation oncology 
in the Czech Republic is formed by representatives from 
hospitals, service companies, National Radiation 
Protection Institute (NRPI), and regulatory body. All 
members were asked to make the estimates for values of 
O (occurance), S (severity), D (detectability), and RPN 
(risk priority number) used in the FMEA for IMRT process. 
Although there exist examples of these values published in 
literature, the analysis was performed to estimate 
independently the most appropriate and valid values 
corresponding to the national conditions, practices, and 
experience. Results from analysis of radiotherapy 
accidents was taken into account which NRPI performs on 
request of the regulatory body. The hospitals must report 
the most serious accidents to the regulatory body, but 
were asked to report also less serious accidents and near 
misses, which was voluntary based to cover accidents that 
happened in the Czech Republic in the period 2012 ‐ 2017. 
The results from this analysis were used to modify and 
validate estimates of values for FMEA. 
Results 
Published values in AAPM TG 100 were confronted with the 
estimates based on experience of Czech physicists. The 
contribution shows differences in identification of the 
most hazardous steps on IMRT process tree. In total, more 
than 230 accidents in radiotherapy were evaluated. The 
most series accidents in radiotherapy in the Czech 
Republic in previous years have been caused by software 
failures which was not included in 10 highest ranked 
failures by AAPM TG 100. The description of these most 
serious accidents caused mainly by data transfer and 
Record and Verify System failures will be included. The 
most frequent accidents in previous years were related to 
incorrect patient positioning, choice of incorrect 
treatment plan, and patient identification. 
Conclusion 
The contribution shows the results from performed 
analysis and helps local physicists to adopt legislative 
requirements. It also shows an effective way by grouping 
physicists to form an official body in the country to enable 
cooperation between professionals on the national level 
which is benefit especially in small countries where 
enough experts are not available to form different working 
groups. The results will be published in form of the 
national recommendation by the regulatory body and it is 
expected that particular departments will implement the 
method considering local conditions. 
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Purpose or Objective 
Icon Group operates a network of 20 radiotherapy centres 
(Icon Cancer Centres) across Australia.  A nationwide 
project was launched to implement a safe, high quality 
stereotactic radiotherapy programme, based on the 
extensive experience within our network already, for a 
variety of stereotactic radiotherapy (SRT) and stereotactic 
body radiotherapy (SBRT) treatment techniques including 
lung, liver, cranial, and oligo ‐metastases.  The aim of this 
initiative was to provide these advanced treatments closer 
to patients in the community setting resulting in reduced 
travel time for treatment and associated financial and 
personal burden. 
Material and Methods 
Within the 20 Icon Cancer Centres, a mix of software and 
hardware exists including Varian, Elekta, Brainlab, and 

RaySearch.  Staffing across the network had varied levels 
of clinical and technical experience.  Implementation was 
achieved using national multi‐disciplinary project teams 
that developed a template for implementation to be used 
by other centres within our network.  These project teams 
also developed draft clinical guidelines, which were then 
disseminated to wider staff groups for refinement. 
An endorsement program within a clinical governance 
structure was developed to facilitate implementation of a 
stereotactic service at a new Icon Cancer 
Centre.  Endorsement for a centre to provide a specific 
stereotactic service involved the centre providing 
evidence of equipment commissioning, technique 
documentation (clinical and technical), staff training, and 
competency assessments.  
The endorsement process is governed by national 
stereotactic “clinical streams”, which are in‐house 
physician led groups comprised of a mix of both senior and 
junior physicians, as well as key technical staff.   To assist 
commencing junior physicians and to provide 
opportunities for learning and skill development, a 
mentorship program and national virtual stereotactic 
chart round was established and held weekly. 
To ensure quality control in treatment planning, a virtual 
treatment planning model was set up.  This consisted of a 
mix of dedicated treatment planning staff, as well as 
remote planners, all operating within a virtual treatment 
planning room environment. 
Results 
To date, national clinical guidelines have been written for 
cranial metastases SRT, lung SBRT, liver SBRT, and 
bony/oligometastatic SBRT.  To complement these 
guidelines, a series of national work instructions covering 
simulation, planning, and treatment processes have also 
been developed, and are based on what software / 
hardware is available on site.  Stereotactic radiotherapy 
has been implemented in 13 of our centres.  To date, 51 
cases have been presented within our chart round. 
Conclusion 
Thus far, stereotactic radiotherapy services have been 
implemented at Icon Cancer Centres across 
Australia.   Compliance with approved documents is 
monitored by the clinical streams via the endorsement 
programme and chart rounds, to ensure quality in 
stereotactic services on a national scale. 
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Purpose or Objective 
Tumor tracking based on fiducial markers using the VERO 
SBRT system uses a correlation model to estimate internal 
tumor position based on external surrogate motion. 
Previous studies in our department showed already the 
feasibility and accuracy of performing this marker‐based 
tracking. The drawback of this technique is the 
implantation use of a marker as a surrogate for the tumor 
motion, as majority of patients are not eligible for marker 
implementation due to risk of pneumothorax in COPD 
patients and anatomical challenges. That is why we 
wanted to implement a less invasive technique eligible for 
a larger variety of patients using state of the art 
imaging.  In this study, we want to report on the first 
simulation of a markerless real‐time tumor tracking 
solution based on the Vero SBRT gimbaled Linac system for 
treatment of lung tumors. 
Material and Methods 
Twenty previously treated patients with a marker‐based 
tracking were used to analyze the feasibility of markerless 
tracking. In these fluoroscopic images, the marker was 
erased in the image in order to analyze the markerless 




