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Conclusion 
The results of this study show that the predicted 3DCTs are
of sufficient quality for dose calculation. The proposed
method may be considered for on-line and off-line proton
therapy treatment adaptation.

Purpose
All proton therapy treatment rooms are equipped with x-rays
imaging devices to position the patient accurately. However,
radiographs are not suited for proton dose calculation. This
can be overcome by reconstructing a 3D computed
tomography (CT) using a convolutional neural network (CNN).
In this study, the suitability of these 3DCT images for proton
therapy treatment of lung cancer patients was evaluated in
terms of dosimetric accuracy.
Methodology
Five patients treated for a lung cancer in Cliniques
Universitaires Saint-Luc were studied. For each patient, a data
augmentation tool was used to create 1500 synthetic 3DCTs
(sCTs) from the planning 4DCT [1]. 1500 digitally
reconstructed radiographs (DRRs) were generated from each
sCT and given as input to a CNN that learns to reconstruct the
associated 3DCT. A test set composed of 50 ground-truth (GT)
3DCT and their corresponding DRRs is used to evaluate the
accuracy of the predicted (P) 3DCT.

In proton therapy treatment planning, the stopping power
ratio (SPR) is used for computed the water equivalent path
length (WEPL), which is successively used for the computation
of the required proton energy in the beam axis. In this study,
SPR values are obtained using the CT calibration implemented
in MCSquare [2]. WEPLs are computed along 3 beams whose
angles are specific to the position of the tumor. SPR and
WEPL difference maps are computed using the equations:

where 𝑥̅ is the mean of 𝑥.

SPR and WEPL differences are reported as the median over
the 50 images in the test set. Besides, the SPR is directly
computed on regions of interest and the WEPL is focused on
a rectangular box around the organ of interest.

Figure 1. Overview of CT, SPR and WEPL along beam 0° maps for GT and P 3DCTs together with difference maps between the GT and the P images for Patient 4.
The rectangular box associated to the GTV and on which the WEPL difference along beam 0° is computed is shown in orange.
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Table 1. Results of the SPR and WEPL differences for the three regions of interest and
each patient.

The results of the SPR and WEPL differences are reported in Table 1. In general, the SPR estimates based on the P-3DCT are lower than for
GT-3DCT and the largest SPR differences between both are found in the lungs. In the rectangular boxes around the regions of interest, the
difference between GT- and P-based WEPL is always between 0 and 1 mm, whatever the patient and the angle of the beam. This difference
is lower on the rectangular box around the GTV, and of the same order of magnitude for the heart and both lungs. In other areas of the
image, the difference can be greater, up to 4 mm for Patient 4 and beam 0°, as seen on Figure 1.

Results
Figure 1 shows an overview of CT, SPR map and WEPL map for Patient 4 with difference maps between GT-based and P-based images.


