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The goal of the study was to evaluate the generalizability of a model trained and validated on an adult cohort, on pediatric cases treated with protontherapy. To our
knowledge, it is the first study testing a 3D network with an unseen patient category. Small differences were observed with the study based on the 79 adult patients, suggesting
the robustness and the high generalizability of the developed model, and its clinical implementation feasibility.

Brain tumor radiotherapy treatments require the acquisition of a Computed Tomography (CT) and a T1 weighted Magnetic Resonance Imaging (T1) or contrast-enhanced T1
weighted MRI (T1-Gd). A registration is applied to place all the images in the same spatial frame, which has been reported to produce errors up to 2mm (1) leading to increased
margins. As a result, generating pseudo Computed Tomography (pCT) appears to be a relevant approach to boost the patient safety. In this study, a 3D convolutional network,
previously trained and validated on adult patients treated with Intensity Modulated Radiation Therapy (IMRT), was tested on an unseen cohort composed of pediatric
protontherapy patients to evaluate its generalizability.

Figure 1: T1-Gd MRI, CT, pCT and gamma maps for the 3%/3mm criterion presented for Patient 1 
(17 years old, 6 beams-based treatment, pass rate = 99.69%) and Patient 2 (6 years old, 6 

beams-based treatment, pass rate = 99.82%). To improve visibility, external and eye contours are 
displayed on the gamma maps.

The computation time for the pCT generation was 83s on a single GPU
GeForce GTX 1080Ti.
MRI, CT, pCT and gamma maps for two given patients are presented in
Figure 1. Reconstruction errors appear to be mostly located in the air and
bone regions.
Mean MAE and standard deviations of 111HU+/-12HU, 364HU+/-56HU,
279HU+/-27HU and 60HU+/-10HU were obtained for the whole head, air,
bone and water areas respectively.
Regarding the dosimetry results, the 1%/1mm, 2%/2mm and 3%/3mm
gamma indexes were equal to 96.44%+/-2.22%, 97.92%+/-1.54% and
99.59%+/-0.59% respectively.
All 2%, 50%, 95% and 98% mean DVH differences were below 0.3%.
A previous study (3) tested the network on a cohort of 79 adult
patients treated with IMRT. Head MAE of 83HU+/-22HU, and gamma
indexes of 97.90%+/-1.10%, 99.61%+/-0.30% and 99.83%+/-0.19% for
the 1%/1mm, 2%/2mm and 3%/3mm criteria were respectively
obtained.

- Mean Absolute Error (MAE) defined as:

With N the total number of voxels. MAE was
computed in the whole head, air, bone and water 
areas
- Dosimetry: Re-calculation of the initial plan on the 
pCT with the pencil beam algorithm of the 
treatment planning system DOSIsoft (Isogray). 
Calculation of differences in Dose Volume 
Histograms (DVH) of the  planning target volume 
and global gamma indexes (1%/1mm, 2%/2mm, 
3%/3mm) without dose threshold

Testing cohort description (18 patients):
- Mean age +/- standard deviation = 12.5 years +/- 3.6 years

[minimum = 6.0 years, maximum = 17.4 years]
- Craniopharyngioma
- Double scattering protontherapy
- Dosimetry was performed on a sub-cohort composed of 

16 cases treated with 3 beams (2 patients), 4 beams (3 
patients), 5 beams (7 patients) and 6 beams (4 patients).

Images : CT and T1-Gd
Preprocessing: 
- Rigid registration
- Linear resampling to a 1mmx1mmx1mm voxel size
- Zero mean/unit variance  standardization
- Hounsfield Units (HU) and MRI intensities clip

pCT

Trained model

Modified 3D HighResNet
(2) architecture 
advantages:
The residual connections 
and dilated convolution 
filters ensure an absence of 
vanishing/exploding
gradients and a high 
receptive field respectively1
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Input data description: 
- Brain tumor adult

patients treated with
IMRT

- 162 CT/T1, 161 CT/T1-Gd
- Training set size= 242 

cases
- Validation set size=81 

cases
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