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Purpose or Objective  
In this work we describe the validation procedure for 
proton beam dose computation in presence of titanium 
implants. 
Material and Methods  
2.1 Calibration curve validation  
A cylindrical titanium sample, 1.27cm diameter and 7cm 
height, was imaged with a Philips CT scanner. The images 
were reconstructed using a metal artifact reduction 
software and sent to the TPS RayStation v.6. A specific 
calibration curve that assigns a density of 4.1g/cc to 
voxels with the highest hounsfield unit possible was 
applied to the CT images. The water equivalent thickness 
(WET) of the sample was measured using a multilayer 
ionization chamber and compared to the one predicted 
by the TPS as described in (1). In the TPS the WET of the 
imaged sample and the WET of an ideal cylinder of 
titanium were computed using the PB and the MC dose 
engine. 
2.2 Validation of dose engine  
The dose distribution of a clinical plan, computed with 
pencil beam (PB) or Monte Carlo (MC) dose engine, can 
exhibit substantial differences in presence of titanium 
implants (fig.1 a-b). A phantom was designed to 
reproduce the interfaces between titanium and patients 
tissues (fig 1. c-d). The phantom consists in a titanium 
screw and a titanium bar embedded in a water equivalent 
gel. The phantom was CT imaged, the scan was imported 
in the TPS and the titanium calibration curve was 
applied. On the dataset a 'dose box” was planned, 
computing the dose with a PB and a MC dose engine. The 
phantom was positioned in the gantry using the same 
procedure used for patients and the dose box was 
delivered. A radiochromic film was placed under the 
phantom. A calibration curve previously acquired for the 
lot of films was employed.   
 

 
Fig. 1 
 
Results  
3. 1 CT Calibration curve validation 
The WET of the titanium sample measured, predicted by 
the TPS on the CT images and for the ideal titanium 
cylinder were 22.5cm, 22.1cm and 22.7cm respectively. 
The TPS estimated WET did not depend on the dose 
engine. 
3.2 Validation of dose engine  
The dose profile under the screw are reported in fig.2. 
The profile extracted from the PB dose distribution show 

clear differences with the measured one while the profile 
from MC dose distribution describes the underdosage 
distal to the screw.  
 

 
Fig. 2 
Conclusion  
In the presence of titanium implants dose distribution 
obtained by PB and MC dose engine were compared with 
measurement. The use of PB algorithm may lead to 
significant underdosages within the target while MC 
algorithm gives a more realistic estimation of dose 
distribution. 
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Purpose or Objective  
To investigate the effect of magnetic fields of differing 
strengths and in radiation beams of differing energies on 
ion chamber (IC) and diode detector response for use in 
MR linacs. 
Material and Methods  
Measurements were made on a pre-clinical 7MV Elekta 
Unity MR Linac both with and without the 1.5T magnetic 
field present. A range of PTW ICs and diode detectors 
were positioned individually at isocentre (source-axis 
distance (SAD) 143.5cm), 10cm deep in water with stem 
axis parallel to the direction of the B-field, perpendicular 
to the beam direction, and irradiated with 100MU in a 
10×10cm2 field. Detectors were irradiated from gantry 
angles 90° and 270° and an average taken. For a subset 
of detectors, the measurements were repeated with stem 
axis oriented perpendicular to the direction of the B-
field. The ratio of measurements at 1.5T and 
0T M1.5T/M0T was calculated for each radiation detector. 
Similar measurements were performed using an 
electromagnet (range 0 – 1.6T) and Elekta Synergy linac 
at energies of 4, 6, 8 and 18 MV. Both the B-field strength 
and beam energy were varied to investigate the range of 
chamber responses. Measurements were at 5cm water 
equivalent depth & 306cm SAD. Detector stem axes were 
aligned perpendicular to both the B-field and beam 
direction in all cases. Detectors investigated include PTW 
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Farmer, SemiFlex, SemiFlex3D, Pinpoint 3D, Advanced 
Markus, Diode E, Microdiamond Diode, SRS Diode as well 
as an IBA Farmer and Exradin A1SL . 
Results  
For measurements performed on the MR-linac in the 
parallel orientation, the deviation from the 0T reading 
(M1.5T/M0T -1) was in the range 1.4–1.8% for all cylindrical 
PTW chambers investigated here (PTW30013 waterproof 
Farmer 1.4%; PTW31022 Pinpoint 3D 1.8%). Diode 
response varied from 0.4% (Microdiamond) to 2.3% (SRS 
diode) In the perpendicular orientation, the response 
varied dramatically, from -9.6% (Microdiamond) to +4.4% 
(PTW Farmer). 
For measurements performed on the linac, the 
ratio MB/M0T varied with field strength B for all detectors 
investigated here. For the diode detectors, the 
Semiflex3D and Pinpoint 3D chambers, the readings 
recorded at non-zero B-field strengths were lower than 
those taken at 0T. For all detectors, increased beam 
energy resulted in a lower value of MB/M0T. For diode 
detectors, Semiflex3D and Pinpoint3D this resulted in a 
larger deviation from the 0T reading, while for the 
remaining ICs this resulted in a smaller deviation from 
the 0T reading for all B-field strengths investigated.
  

 

 
Conclusion  
Radiation detector response varies with beam energy and 
magnetic field strength. Small-volume ICs respond to the 
effect of increasing B-field strength and beam energy in a 
similar manner to diode detectors, indicating that the 
size of sensitive volume plays  a part in the response of 
the detector in a B-field compared to measurements at 
0T. 
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Purpose or Objective  
Over 300 Head and Neck (H&N) patients are treated at 
Clatterbridge Cancer Centre (CCC) per year with 
radiotherapy. Weight loss is common in this patient 
group, with 16% of patients being referred to physics for 
adaptive assessment. The majority of these assessments 

result in no intervention, as the plan remains clinically 
suitable. Only 5% of H&N patients assessed require 
adaption via a re-plan. 
The aim of this work was to determine whether EPID 
based in vivo dosimetry software PerFRACTION (Sun 
Nuclear) could be used to passively monitor weight loss, 
and alert patients for further assessment and 
intervention. PerFRACTION analyses integrated MV 
images from each fraction against a baseline image, 
acquired at fraction 1. Images are analysed in pseudo 
real-time via a DICOM query/retrieve against the OMS. In 
addition to 2D gamma analysis, PerFRACTION will also 
perform a 3D plan recalculation on the CBCT for review. 
Material and Methods  
5x3mm superficial water equivalent plastic layers were 
vacuum moulded to an anthropomorphic H&N phantom. 
Each layer represented an effective 6mm lateral weight 
loss. The layered phantom was scanned, outlined and 
planned using a typical CCC H&N VMAT protocol. The plan 
was delivered to the phantom on a Varian TrueBeam and 
integrated images acquired on an AS1000 EPID. To 
simulate weight loss, one layer was removed for each 
subsequent fraction, until no layers remained. 2D gamma 
analysis against the fraction 1 baseline image was 
automatically performed by PerFRACTION. The results of 
the simulation were used to determine sensitive criteria, 
such that a fail result was yielded when the plan would 
be considered clinically unsuitable. The same criteria 
were then retrospectively applied to three historic 
clinical cases for initial validation. 
Results  
2D gamma analysis (4%, 2mm) of the integrated images 
showed pass % decreased sensitively with increasing 
weight loss (fig. 1). An 80% pass tolerance was chosen as 
this corresponded to 1.5cm weight loss which was felt to 
be clinically significant. Retrospective patient analyses 
against these criteria correctly triggered a fail result at 
fraction 12 for a patient with clinically significant weight 
loss (fig.2). This alert came 2 fractions prior to the 
historic manual assessment confirmed the need for a re-
plan. No false positives were generated for the two 
patients showing nil weight change. 
Conclusion  
Results indicate PerFRACTION will alert patients likely to 
require intervention. The 3D CBCT recalculation could 
prove a convenient tool to review the clinical suitability 
of the current plan, following an automated 2D  gamma 
result. The physics resource should reduce by way of only 
reviewing the most critical cases, through a reduction of 
false positive referrals. 
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