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scanner, which is 2270 mm downstream from the last 
scanning magnet on the beam central axis. Measurement 
point P1 was chosen to be able to differentiate between 
magnetic field changes due to energizing the beamline 
(quadrupole) and the scanning (dipole) magnets. Two 
maps of PBS spots were delivered by the PBS nozzle: (M1) 
consisted of 16 energy layers ranging from 70 to 230 MeV 
(steps of 10 MeV) with a single central spot for each layer, 
and (M2) used a single energy of 200 MeV with a field size 
of (200 x 200) mm2 and a step width of 5 mm, resulting in 
41 x 41 spots. The magnets were energized to deliver maps 
M1 and M2 to study the magnetic field effects of changing 
beam energies and changing spot positions, respectively, 
but no beam was transported for radiation protection of 
the sensitive Hall-probe. All 3 magnetic field components 
were logged during spot map scanning by Labview-based 
software (THM1176 v4.0, Metrolab) at a sample frequency 
of 10 Hz. 
Results 
For position P1, the magnetic field changes due to setting 
the beamline magnets to the 16 energy levels, as well as 
operating the scanning magnets to the 41 spot rows can be 
clearly observed (Fig. 1), with maximum amplitudes 
|ΔBmax| of up to 28.6 µT and 55.3 µT, for maps M1 and M2, 
respectively. For position P2, the |ΔBmax| was 9.0 µT and 
10.1 µT for M1 and M2, respectively. This translates into 
an off-resonance frequency shift of 383.4 Hz and 430.3 Hz 
for 1H-MR imaging, respectively. 
Conclusion 
Significant changes in the environmental magnetic fringe 
field of a proton PBS beamline are measurable due to the 
operation of its beamline and scanning magnets. These 
changes translate into off-resonance frequency shifts that 
could cause significant MR image shifts in the frequency 
encoding direction. This needs to be confirmed by 
magnetic field mapping around the magnetic isocenter of 
the MRI scanner once it has been installed at the PBS 
nozzle. To counteract this effect, either the image shifts 
need to be compensated for or the PBS nozzle needs to be 
magnetically shielded from the MRI scanner. 
 

 
  
PO-1022  A study on the image registration accuracy of 
intrafraction cone beam computed tomography images 
S. Arumugam1 
1Liverpool and Macarthur cancer therapy centres-
Liverpool Hospital, Department of Medical Physics, 
Liverpool, Australia  
 
Purpose or Objective 
Intrafraction (IF) cone beam computed tomography 
(CBCT) image acquisition procedure allows the CBCT 
image acquisition during treatment delivery and has the 

potential to improve the treatment efficiency. However 
the quality of IF-CBCT images may be degraded due to 
scatter from treatment beam. The purpose of this study is 
to investigate the change in  image quality between CBCT 
and IF-CBCT images and its impact on image registration 
accuracy. 
Material and Methods 
An Elekta linear accelerator with XVI imaging system 
(Elekta Limited,Crawley,UK)  was used for this study.  The 
image quality that resulting from Head and Neck (H&N), 
Lung and Spine pre-treatment and IF CBCT presets were 
quantified by imaging a Catphan-503 phantom (The 
Phantom Laboratory Inc, NY,USA). The IF-CBCT images 
were acquired with the delivery of both 6MV and 10 MV 
FFF VMAT arc of  hypofractionated treatment plans.  The 
number of projection images acquired for both CBCT and 
IF-CBCT are maintained constant for respective treatment 
site specific presets. The image quality metrics such as 
uniformity, low contrast visibility, spatial resolution and 
image geometry in horizontal, vertical and longitudinal 
directions were studied to characterise the quality of 
CBCT image data.   To study the accuracy of image 
registration, the CBCT and IF-CBCT image data of H&N, 
lung and lumbar spine region of an anthropomorphic 
phantom were acquired and registered with the respective 
reference planning CT data.  The baseline registration 
error for each treatment site was quantified by registering 
pre-treatment CBCT with respective reference CT using 
grey value registration. The image registration error 
resulting from 6D position offsets , ranging from 3mm to 
10mm in translation and 0˚ to 3˚ in rotation, of the IF-
CBCT data was studied with both bone and grey value 
registration methods available in XVI system to study the 
registration accuracy with IF-CBCT images. 
Results 
Table 1 shows the Catphan image quality results for both 
CBCT and IF CBCT imaging. The image uniformity, low 
contrast visibility and spatial resolution of the IF-CBCT 
images are relatively degraded compared to pre-
treatment CBCT images.  The geometry of both CBCT and 
IF-CBCT images are within ±0.5 mm of the expected 
values. The image registration results of IF-CBCT images 
agreed within ±0.5mm and ±0.5˚ in translation and 
rotation directions compared to baseline error with both 
bone and grey value registration for studied treatment 
sites.  
Table1: Image quality metrics and CBCT and IF CBCT 
images if Catphan 503 

Imagin
g 
mode 

Uniformity(
%) 

Low 
contras
t 
visibilit
y (%) 

Spatial 
resolution(lp/c
m) 

Geometry 
agreeme
nt (mm) 

CBCT 1.9(0.5) 2.4(0.6
) 3(1) 0.1(0.2) 

IF-
CBCT 4.0(0.7) 3.6(1.7

) 3(0) 0.1(0.3) 

 
Conclusion 
The registration accuracy of IF-CBCT images are not 
affected by its degraded image quality  and it 
deemed  clinically useful for the studied anatomical sites 
and registration methods. 
 
PO-1023  Continuous Positive Airway Pressure for 
respiratory gating in lymphomas: a workflow analysis 
F. Giglioli1, E. Gallio1, M. Levis2, P. Solidoro3, C. Fiandra2, 
S. Bartoncini2, V. De Luca2, C. Cavallin2, G. Iorio2, R. 
Parise2, G. Furfaro2, U. Ricardi2 
1A.O.U. Città della Salute e della Scienza di Torino, 
Medical Physics, Torino, Italy ; 2University of Turin, 
Radiation Oncology- Department of Oncology-, torino, 
Italy ; 3A.O.U. Città della Salute e della Scienza di 
Torino, Division of Pulmonology, Torino, Italy  
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Purpose or Objective 
Continuous positive airway pressure (CPAP) is a form 
of positive airway pressure ventilator, which applies mild 
air pressure on a continuous basis and has long been safely 
used in patients with obstructive sleep apnea to maintain 
airway patency. The aim of this study is to determine the 
efficacy of CPAP on lung volume and respiratory 
management in patients treated for Hodgkin and primary 
mediastinal lymphoma. 
Material and Methods 
The CPAP consists in a small air pump, tubing, and 
facemask, providing a constant stream of pressurized air 
to the  lungs. Some effects expected during CPAP are 
hyperinflation of the lungs, stabilization and flattening of 
the diaphragm. The CPAP pressure used for each patient 
was selected as 18 cm H2O; two CT were performed: one 
in the free breathing condition (FB) and the other with the 
CPAP. The patients were trained for wearing the mask 
before the CT mainly to test the compliance with the 
system. 4DCT was accepted if the percent variation of the 
phase amplitude was < 0.25. Median prescription dose to 
the PTV was 30 Gy in 2-Gy fractions and Lungs, female 
breasts, heart and cardiac structures (coronary arteries, 
valves, atria and ventricles) were all contoured as organs 
at risk. Planning were performed with Monaco tps ver. 5.1; 
CPAP series were planned comparing a full arc (FA) plus 
an anterior non coplanar one in a sagittal plan with a 
butterfly geometry (BF). The best plan between the two 
solutions was selected and replanned in FB condition. The 
final plan was then chosen by the physician based on the 
OARs doses. The intersection between PTV and the Heart 
was evaluated as a measure of the “stretching” of the 
organs in case of CPAP. The treatment was performed with 
an Elekta Synergy and a Cone Beam CT (CBCT) was 
acquired before each session. To check the Lungs filling, 
the CBCT were analyzed in terms of measured volume 
displayed in the CT field of view of the fifteen days of 
treatment.  
Results 
24 patients were recruited; 22/24 (92%) were treated with 
the CPAP system. The mean percent standard deviation of 
the amplitude was 0.19 (sd 0.08) compared to 0.21 (sd 
0.11) of the 4DCT population. CPAP increased mean lungs 
volume (4.21 vs 2.71, p<0.001) and the mean volume 
difference was 1498 (sd 417) cc. The intersection between 
PTV and the hearts was 12 (sd 24) cc for CPAP and 27 (sd 
29) for FB (p<0.01). The plans selected were 58% FA and 
42% BF. The use of CPAP resulted in lower doses for all the 
cardiac structures (p<0.01).The variation of the volume of 
the lungs measured in all the CBCT was < 4,5%. 
Conclusion 
CPAP has demonstrated to be a useful method for 
respiratory management; the analysis of the amplitude of 
the 4DCT revealed an equal or minor lungs movement 
respect to the 4DCT patients population. The analysis of 
CBCT demonstrated that CPAP is a constant and 
reproducible way to fill the lungs. Effort has to be made 
in finding some geometric parameters to prospectivly 
select patients benefiting the use of CPAP by analyzing the 
CT. 
 
PO-1024  Solutions for MR-based RT planning with an 
open low field scanner using neural network tools 
L. Fetty1, M. Buschmann1, G. Heilemann1, P. Kuess1, T. 
Nyholm2, H. Herrmann3, D. Georg1, N. Nesvacil1 
1Medical University of Vienna, Department of 
Radiotherapy and Christian Doppler Laboratory for 
Medical Radiation Research for Radiation Oncology, 
Vienna, Austria ; 2Umeå University, Department of 
Radiation Sciences, Umeå, Sweden ; 3Medical University 
of Vienna, Department of Radiotherapy, Vienna, Austria  
 
 
 

Purpose or Objective 
In radiation oncology CT information is essential for TPS 
dose calculation whereas MRI is utilized to increase the 
delineation accuracy. In the past years multiple methods 
were developed to create synthetic CT (sCT) information 
from MR images directly, and are starting to be 
implemented in pilot studies on MRgRT. However, limited 
FOV can truncate the patient’s body contour, which is 
required for calculating the dose deposition from the skin 
border to the target region. The use of small FOV scanners 
e.g. 0.35T open MR, thus are posing new challenges in the 
field of MR-only planning. The aim of this project was to 
develop (1) an MRI-acquisition and post-processing 
protocol to overcome scanner limitations, (2) an MR-only 
RT workflow for our department and (3) auxiliary software 
to implement conversion in this setting. 
Material and Methods 
An MRI-only workflow for combining multiple laterally 
shifted MR scans and a conversion technique were 
designed and tested for the 0.35T MAGNETOM C! open-MR 
scanner (Siemens, Erlangen) with a maximum FOV of 
400mm. The lateral table movement of the open-MR was 
used to position the patient twice off-isocenter to ensure 
the coverage of the complete body contour. A third 
sequence was acquired in the central position for 
delineation purposes. In a post processing step the two 
off-center images were stitched and further resampled to 
the single acquisition MRI to provide a full body contour. 
For sCT conversion a neural network was trained with 
about 2000 transversal 2D pelvis images. The workflow is 
illustrated in figure1. 
The stitching protocol was tested for four prostate 
carcinoma patients treated with a VMAT technique. The 
sCT of the stitched volume was compared to the planning 
CT. Dose distribution comparisons was performed for the 
rigidly (rCT), deformed registered (dCT) corresponding CT 
and the sCT.Results 
Dice coefficient were 92% for left and right femoral bone 
and above 99% for the whole body between MR and sCT. 
The gamma analysis (2mm/2%) resulted in a 99.9% and 
94.9% average pass rate for the dCT and rCT in the outer 
body contour, respectively. The dCT showed an dosimetric 
error below 1% in the target region where the rCT showed 
an increased error in the low dose region (D98%) of the 
target (as illustrated in table 1). The biggest uncertainty 
(D2% above 6%) was observed in the rectum for the rCT 
which was below 1.5% for the dCT. 
 

 
 
Conclusion 
This study shows the potential of clinically implementing 
sCTs generated from a low-field open MR for patients with 
body contours larger than the single scan FOV. The lateral 
table movement is a benefit of the open-MR compared to 
most diagnostic scanners. The method could help 
overcome dosimetric uncertainties due to geometric 
distortions at the FOV borders. The dosimetric analysis 
showed comparable accuracy with published results of 
alternative methods for dose parameters and gamma 
analysis. 
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PO-1025  The impact of dose to medium on the results 
of a national spine SBRT dosimetry audit 
J. Lee1, R. Patel1, D. Eaton2, C. Clark3 
1Mount Vernon Cancer Centre, National Radiotherapy 
Trials QA, Northwood, United Kingdom ; 2Guy's Cancer 
Centre, Physics Department, London, United Kingdom ; 
3National Physical Laboratory, Teddington, London, 
United Kingdom  
 
Purpose or Objective 
This national audit was carried out to verify the dosimetric 
and positional accuracy of spine SBRT treatment across a 
range of modalities and algorithm types. We investigated 
the impact of different algorithms for the calculation of 
dose in and around bone using film, Microdiamond (MD) 
and alanine dosimetry. 
Material and Methods 
A modified CIRS E2E phantom was used; metal pins 
facilitated submillimetre registration between EBT3 
GafChromic film and calculated dose grid. Bone and tissue 
equivalent alanine holders were used. The geometry of 
the detectors and target volumes is shown in figure 1. 
Centres were provided with a delineated CT dataset. 
Centres added their clinically used PTV and cord PRV 
margins. Planning constraints were prescription dose of 
27Gy/3# to cover ≥95% of PTV, cord PRV D0.1cc <21.8Gy/3# 
and cord D0.1cc <18Gy/3#. Each centre scanned the 
phantom and re-calculated their optimised plan on their 
CT dataset with all locally available algorithm types; being 
of dose to medium (Dm,m), dose to water (Dw,w) and dose 
to water in a medium (Dw,m). 
FilmQAPro software was used for analysis. Maximum 
distance-to-agreement (DTA) for the cord constraints and 
prescription isodoses were measured. The average dose to 
small areas-of-interest (AOIs) ~9mm2 at positions 
corresponding to the small volume dose detectors were 
also compared. 
The Wilcoxon Signed Rank test was used to assess the 
difference between Dm,m and Dw,m algorithms.  
 

 
 
Results 
Measurements were made at 16 centres (1 Tomotherapy, 
4 Cyberknife, 11 linac) which were treating SBRT spine 
routinely. Centre’s used PRV margins of 2mm and PTV 
margins of 2-3mm. 

All centres achieved a DTA of ≤2mm for the cord constraint 
isodose lines. The maximum distances between measured 
and calculated prescription isodoses was -2mm and +6mm 
(negative sign implying lower target coverage than 
planned).  There was no significant correlation with 
algorithm type. 
Small volume dose measurement results in the vertebra 
and cord for the different detectors and algorithms are 
shown in table 1. Particularly in the cord, differences 
between measured and calculated doses are higher than 
those normally reported in dosimetry audits, reflecting 
the contribution of the steep dose gradients in SBRT plans. 
For all plans, doses calculated in the vertebra with Dm,m 
were lower at all detector points than with Dw,m (average 
difference being 4.6% for MD, 4.0% for alanine, 3.4% for 
film, p=0.04). 
For all plans, Dm,m calculated cord doses were also lower 
than the Dw,m doses (average 0.9% for MD (p=0.08), 0.7% 
for alanine (p=0.08), 1.3% for film (p=0.04)).  
 

 
 
Conclusion 
The audit gathered evidence of safe implementation of 
spine SBRT; irrespective of algorithm type, all 
centres safely protected the cord and sufficiently covered 
the CTV with the prescription dose. Changing from Dm,m 
to Dw,m algorithms improved the agreement of point 
doses within vertebra and cord. This is assumed to be due 
to the water equivalence and calibration of the detectors. 
 
PO-1026  Evaluation of a microdiamond detector for a 
national spine SBRT end to end dosimetry audit 
R. Patel1, J. Lee1, D. Eaton2, C. Clark3 
1Mount Vernon Hospital, Radiotherapy RTTQA, 
Northwood Middlesex, United Kingdom ; 2Guy's Cancer 
Centre, Radiotherapy, London, United Kingdom ; 3Royal 
Surrey County Hospital, Radiotherapy, Guildford, United 
Kingdom  
 
Purpose or Objective 
A national end to end audit of 16 centres (1 Tomotherapy, 
4 Cyberknife, 7 Varian Linacs & 4 Elekta Linacs) was 
completed to assess the dosimetric accuracy of spinal 
SBRT. Spine SBRT plans are amongst the most complex 
currently delivered and the audit assessed the accuracy of 
treatment delivery by centres using a wide variety of 
equipment combinations. The audit utilised a 
microdiamond detector in addition to alanine and 
Gafchromic film. The results of the audit were analysed to 
determine the suitability of the microdiamond detector 
for future audits. 
Material and Methods 
The audit required participating centres to deliver a 
clinically acceptable plan to an anthropomorphic spine 
phantom. Cyberknife centres had beam angles limited by 
40° superiorly and 20° inferiorly from coplanar. Phantom 
alignment matched clinical practice for SBRT at each 
centre. Basic outputs were acquired in reference 
conditions using a PTW 0.125cc chamber and the 
microdiamond detector, with an additional output at the 
end of the audit to assess drift of the microdiamond 
detector. Delivered dose was measured at points in the 




