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(mGTV) delineated both on sPET‐CT and dPET‐
CT, too. 

2. CTV was obtained adding an isotropic margin of 
9 mm respecting anatomical boundaries; a 
margin of 3 mm was added for PTV. Plans were 
then generated using IMRT or VMAT considering 
also elective nodal irradiation and different 
dose levels, in the following two steps:  
‐ First, plans were optimized on the PTVs 
generated from the manual delineation on 
dPET‐CT; then the coverage of the PTVs deriving 
from t50%GTV on sPET‐CT was assessed in terms 
of target coverage and conformity index (CI), 
without a plan re‐optimization. 
‐ Secondarly, plans were optimized on PTVs 
deriving from t50%GTV on sPET‐CT to evaluate 
organs at risk (OAR’s) dose differences 
compared to dPET‐CT plans. 

       Results 
1. The volumetric analysis showed a mean JI of 0.2 

(0‐0.5) between t50%GTV on sPET‐CT vs t50%GTV 
on fused dPET‐CT. Mean distance between 
centroid in these volumes was 1.05 cm (0.53‐
2.17cm). Comparing t50%GTV, in 6/10 cases the 
dPET‐CT presented larger volumes respect to 
sPET‐CT (mean: 3.7 vs 3.3 cc). Moreover, mGTV 
on dPET‐CT were larger then t50%GTV on sPET‐CT 
(mean: 13.2 vs 3.3 cc) in the totality of cases 
(table1).  

2. Planning evaluation:  
‐ In all cases a decrease of CI (mean reduction 
18%, range 7%‐35%) of PTVs deriving from 
t50%GTV on sPET‐CT, introduced into the plans 
optimized on dPET‐CT, was observed; although, 
in 7/10 cases a good coverage, defined as 
v95%>95%, was obtained. 
‐ For plans optimized on sPET‐CT, a slightly dose 
reduction, almost to one of OARs, was observed 
in all cases. 
  

 
 
Conclusion 
Shift errors, related to the image fusion process, 
negatively influenced concordance between target 
volumes obtained on sPET‐CT and dPET‐CT. An adequate 
coverage of sPET‐CT volumes in plans optimized on dPET‐
CT volumes despite lower CI and a small reduction of dose 
to OAR’s in sPET‐CT plans were reported. Based on these 
preliminary evaluations, sPET‐CT could be considered an 
optimization in RT workflow for H&N cancer management 
to reduce image fusion uncertainties and to standardize 
delineation. 
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Purpose or Objective 
To evaluate the influence of different controlling Regions 
Of Interest (ROIs) selection on Raystation ANAtomically 
CONstrained Deformation Algorithm (ANACONDA) 
performances. This is an ancillary study for further 
investigations on deformable image registration (DIR) 
performances in assessing dose accumulation in mixed 
beam treatments (AIRC IG‐14300). 
Material and Methods 
Two different deformed image datasets (target CTs) were 
computationally generated by applying proper 
Deformation Vector Fields (DVFs) to an original synthetic 
man pelvis dataset and a real patient CT dataset 
(reference CTs). The target CTs were obtained by 
exploiting the ImSimQA package (Oncology System 
Limited, Shrewsbury, UK). These datasets were generated 
simulating different bladder filling levels. In both 
datasets, the bladder enlargement and shrinking were 
simulated preserving the femoral heads stiffness (figure 
1). DIR performances were tested selecting different 
subset of controlling ROIs to guide the registration. The 
DIR deformed ROIs were mapped to the target CT and then 
compared to the ROIs returned from the ImSimQA 
software. A statistical test was performed to highlight DIR 
differences based on Correlations Coefficient (CC) and 
Dice Similarity Coefficient (DSC). This analysis was carried 
out on the global CC and DSC obtained for each bladder 
volume by multiplying the CC and DSC scored for all the 
contoured ROIs (body, bladder, prostate, rectum and 
femoral heads for the synthetic image case with the 
addition of penile bulb, peritoneal cavity, anal canal and 
lymph nodes for the real patient CT dataset).  
 

 
 
Results 
DIR performances improve increasing the number of 
controlling ROIs reaching a saturation level after the 
selection of bladder, rectum and prostate in the synthetic 
phantom case with the addition of the penile bulb in the 
real patient CT dataset (figure 2). The fluctuation of 
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bladder filling affects DIR performances only in the case 
where no controlling ROI is selected or when only the 
bladder is exploited as controlling ROI. The statistical test 
shows significant differences on the DSC results between 
the DIR obtained selecting as controlling ROIs all the 
available ROIs and the DIR obtained without controlling 
ROIs or only when a subset of controlling ROIs is selected 
(bladder or bladder, prostate and rectum). As far as the 
CC concern, significant differences were observed only 
between DIR computed exploiting as controlling ROIs all 
the delineated ROIs and DIR performed without the 
selection of controlling ROIs or, for the real patient CT 
case only, where the bladder was selected as controlling 
ROI. 
 

 
 
Conclusion 
ANACONDA performances improve increasing the number 
of selected controlling ROIs approaching a saturation level 
after the selection of a defined ROIs subset. This would 
suggest to reduce the number of controlling ROIs 
delineated in clinical practice thus decreasing the time 
spent to contour each patient CT. 
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Purpose or Objective 
Cone-beam CT (CBCT) scans performed during a course of 
radiotherapy can be degraded by respiratory motion. 4D 
reconstruction or motion-compensated (MC) 
reconstruction can be used to visualise or compensate for 
the motion. Both techniques require a respiratory 
surrogate signal. Surrogate signals derived directly from 
the projection data are appealing as they require no extra 

equipment and may have a stronger relationship to the 
internal motion than signals from external devices. In this 
study, we developed a novel method for extracting a 
surrogate signal directly from CBCT data, and we 
compared it to the Amsterdam Shroud technique. 
Material and Methods 
A region of interest (ROI) corresponding to either the 
tumour or diaphragm was selected, and the ROI in the 
projection data was enhanced by digitally removing the 
rest of the anatomy. PCA was applied to groups of 
adjacent projections using a sliding-window approach, and 
a novel technique used to combine the extracted signals 
from each window to generate a coherent respiratory 
signal from the entire data set. 
We evaluated our method using four simulated CBCT 
acquisitions (three standard, one extended) that emulate 
clinical conditions and were generated with the XCAT 
computer phantom and real patient respiratory traces as 
the ground truth (GT) signals. Simulations were performed 
using OpenRTK. We assessed the signals extracted from 
the tumour ROI (T-ROI) and the diaphragm ROI (D-ROI) by 
calculating the correlation coefficient (CC) with the GT 
signal. For comparison, we extracted a signal generated 
using a modified Amsterdam Shroud (M-AS) technique, 
which corrects for the drift that can be present in the 
original Amsterdam Shroud signal. Finally, phase sorted 
4DCBCT images were reconstructed for the extended 
acquisition using the GT, T-ROI, and M-AS signals. 
 
Results 
Figure 1 shows the different signals for the four simulated 
acquisitions, also shown are the corresponding CC 
obtained for each simulation. Figure 2 shows the 4DCBCT 
reconstructions generated using the different signals. It 
can be seen that the 4DCBCT images from the T-ROI signal 
closely resemble the images from the GT signal, whereas 
the images from the AS signal show clear motion artefacts. 
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Conclusion 
We have developed a novel method of extracting 
respiratory motion from CBCT projection data. The 
method allows selecting a ROI to target the respiratory 
motion of interest. We evaluated our method on XCAT 
simulations and compared it to the well-known 
Amsterdam Shroud technique, combined with a simple 
method for baseline-drift correction. High correlations 
were obtained between signals from our proposed method 
and the ground truth for all simulations, achieving better 
correlations than when using AS. The preliminary 
evaluation shows that the proposed technique is therefore 
a potential candidate for a robust basis for respiratory 
motion management without need for external 
equipment. In future, we plan to apply this method to 
patient data. 
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Purpose or Objective 
Releasing the full potential of proton therapy requires 
mitigation of proton range variations caused by 
density/anatomy changes during the course of treatment. 
Cone-beam CT (CBCT) scanners are becoming available at 
proton gantries, but scatter and other artefacts 
deteriorate the accuracy of the Hounsfield unit 
representation in the CBCTs, with implications for online 
proton range or dose calculations. A priori scatter 
correction algorithms have shown promising results for 
reducing CBCT artefacts. Proton range calculations based 
on scatter corrected CBCTs have not yet been compared 
directly to calculations on conventional CTs in patients. 
The aim of this study was therefore to do such a 

comparison using mid-course CTs of head and neck cancer 
patients. 
Material and Methods 
Our scatter correction algorithm initially used rigid and 
deformable registration of the planning CT (pCT) to a raw 
reconstruction of the CB projections (rawCBCT). The 
deformed CT was then forward projected onto the same 
geometry as that of the CB projections, from which the 
forward projections were subtracted. The differential 
projections were then smoothed with a low-pass gaussian 
filter, to create a scatter map which was then subtracted 
from the original CB projection before a final 
reconstruction (corrCBCT). For comparison we also used 
our clinical reconstruction of the CB projection 
(clinCBCT), which used the adaptive scatter kernel 
superposition method (Varian iTools). The pCT, a mid-
course CT (mCT) and CB projections acquired the same 
day as the mCT from four head and neck patients 
previously treated with photon-based radiotherapy were 
analysed. Proton ranges, i.e. water-equivalent path 
lengths (WEPLs), were calculated in planar projections of 
all voxels in the patients, using the pCT as reference. 
WEPL maps for the mCT were subtracted from both the 
corrCBCTs and the clinCBCTs, under the assumption that 
the patient anatomy changes between the mCT and the 
CBCT were negligible. 
Results 
In three of the four patients, the WEPL maps based on the 
corrCBCT deviated less from the WEPL maps based on the 
mCT compared to the clinCBCT (Fig 1). In one case the 
average across the subtracted WEPL map was reduced 
from 7 mm to 2 mm, with the fraction of the WEPL maps 
with deviations exceeding +/- 10 mm reduced from 41% 
with clinCBCT to 19% using the corrCBCT. In the fourth 
case the averages were within 0.5 mm. 
Conclusion 
Scatter correction of CBCTs translates into clinically 
relevant improvements in CBCT-based WEPL calculations, 
opening a potential for online proton range 
verification/monitoring. 
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