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Results 
Lateral target volumes, predominantly seen for WHO °II 
histologies in an old patient group (median age 45 yrs), 
were identified as unfavourable in terms of VP load, with 
a median NTCP of 11% (range [0.06,62]%). The comparably 
young patient group (median age 16 yrs) with WHO °I 
tumours had mostly central target locations yielding a 
considerably lower median NTCP of 1% (range [0.06,78]%) 
(cf Fig. 2). Despite a maximum RBE of ~1.6 extracted at 
LETd=5 keV/µm in the patient cohort, the VP was found to 
be the main driver of high risks. Tested CP strategies were 
not able to effectively decrease NTCP. In fact, most 
scenarios yielded an increase due to an unfavourable 
redistribution of intermediate to high LETd into the 
sensitive VP. 
RADP succeeded in constraining the NTCP at the cost of 
some underdosage to the PTV and CTV edges overlapping 
with the sensitive VP. Depending on the overlap size, local 
dose reductions of up to 20% were required to achieve 
NTCP≤10%. As the required dose reduction depends on the 
local LETd, intricate patterns of sparing are obtained. 
Thus, RADP also re-distributes LETd away from the 
ventricles to some extent, leading to a small but 
noticeable reduction of POLO in the entire target volume. 

 
 
Conclusion 
An NTCP model comprising a spatially variable 
radiosensitivity and high-LETd dependence in dose 

optimization leads to risk avoiding, patient specific dose 
and LETd redistribution in proton treatment of LGG. These 
effects could not be achieved with CP strategies. 
 
PO-1457  Modified 2D UNet for automatic segmentation 
of the nasopharyngeal carcinoma on CT images 
L. Wu1, J. Yen2, J. Lee3, C. Jen2, H. Cheng2, C. Chen3 
1Koo Foundation Sun-Yat-Sen Cancer Center, Medical 
physics, Taipei City, Taiwan ; 2Koo Foundation Sun-Yat-
Sen Cancer Center, Radiation oncology, Taipei City, 
Taiwan ; 3Academia Sinica, Institute of Information 
Science, Taipei city, Taiwan  
 
Purpose or Objective 
Recent advances in deep neural networks (DNNs) have 
unlocked opportunities for their application of automatic 
image segmentation.  We modify the structure of UNet to 
become a modified 2D UNet for segmenting the region of 
nasopharyngeal carcinoma (NPC) on computed tomography 
(CT) images which were filled with the effect of metal 
artifacts. We have evaluated and compared the efficacy of 
several DNN-based algorithms including modified 2D UNet, 
Deeplabv3, VNet and Deep deconvolutional neural network 
(DDNN)for automatic segmentation of NPC. 
Material and Methods 
Planning-CT data sets from 224 patients with NPC were 
selected. Among these data sets, 184 were used for 
training, 40 for validation. All images were resampled to a 
spatial resolution of 1 × 1 × 2.5 or1 × 1 × 3 mm. Several 
severe denture metal artifacts were observed in 125 
images that reflect the real world circumstance. In image 
preprocessing, we utilized the image enhancing technique 
to make the soft tissue of CT images to explicit before each 
voxel value in the images would be normalizedwithin the 
range of 0 to 1. Data augmentation methods including flip 
horizontally, rotation, shift, shear, and zoom were used to 
avoid overfittingin the training model. Our modified 2D 
UNet is constructed with synchronized batch normalization 
layers based on the structure of the UNet. After obtaining 
the outputs of the modified 2D UNet, we utilized the 
connected component and morphology algorithm to refine 
it. Results were compared between the outputs of each 
DNNand physician-generated contours using the3D Dice 
similarity coefficient (DSC) and the modified average 
object using the Hausdorff distance (OHD). 
Results 
Among modified 2D UNet, Deeplabv3, VNet and DDNN-
based nasopharyngeal primary tumor(GTVp) and lymph 
node metastasis (GTVn) segmentation, the modified 2D 
UNet had the best performance. The 3D DSC for GTVp and 
GTVn was 72.6% and 70.7%, respectively. The mean OHD 
for GTVp and GTVn was 13.7mm and 35.4mm, 
respectively. It took 10 seconds to generate the 
segmentation for each patient.  
Conclusion 
The modified 2D UNet has the best performance compared 
to other DNNs. The accuracy of segmentation was 
interfered with by severe metal artifacts but improved 
after standardized the voxel value. Future work will focus 
on eliminating the effect of metal artifacts by 
incorporating synthetic CT scans from paired MRI images.   
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Purpose or Objective 
One of the key problems in Gamma Knife stereotactic 
radiosurgery (SRS) is the definition of the target. Previous 
studies revealed that in spite of high accuracy in delivering 
the prescribed dose, there is high variability in contouring 
not only complicated but also common SRS targets. The 
aim of this study therefore was to develop a robust 
treatment planning approach for Gamma Knife SRS 
accounting for uncertainties in target definition. 
Material and Methods 
Twenty Gamma Knife centres participated in a contouring 
and planning study for complicated SRS targets (anaplastic 
astrocytoma, arteriovenous malformation, vestibular 
schwannoma) and twelve in the study of common targets 
(cavernous sinus meningioma, vestibular schwannoma, 
pituitary adenoma and two metastases). The results were 
analysed with respect to variability in contouring and dose 
distribution. In order to test the feasibility of a 
probabilistic planning approach meant to mitigate the 
uncertainties in target delineation, a robust plan was 
created for the cavernous sinus meningioma case, chosen 
among the common targets, incorporating the variability 
in contouring in the optimization process as weights for the 
objective function. In addition, optimized plans were 
created for all individual contours and for the average 
target volume. Selectivity, coverage, gradient index, V10 
and V12 were calculated and compared for all plans and 
used for the comparison of the nominal and optimized 
plans together with the beam-on-time and the efficiency 
index. 
Results 
The results from the robust treatment planning approach 
showed that it is feasible to include uncertainties in the 
extent and position of the target volume and generate an 
optimized plan taking this into account. A high coverage 
(96-97%), selectivity (90-93%) and gradient index (2.75-
2.94) was obtained for all optimized plans for individual 
contours as well as for the robust plan (coverage 93-97%, 
selectivity 73-86%). Comparison of the nominal and 
optimized plans showed higher coverage and selectivity for 
the later, at the same time as the beam-on-time 
decreased. V12 and V10 are below recommended limits 
and lower for the optimized plans (V12: 7.3-9.3 cm3, V10: 
9.5-12.6 cm3) compared to the nominal plans (V12: 6.7-
12.4 cm3, V10: 8.7-16.1 cm3). 
Conclusion 
The inconsistencies in the variability in contouring 
translate into differences between dose distributions 
which could be mitigated through probabilistic robust 
planning 
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Purpose or Objective 
To demonstrate that fully automated volumetric 
modulated arc therapy (VMAT) dose distributions for 
oropharyngeal cancer patients can be generated with 
machine learning optimization (MLO) planning, with 
similar quality as the clinical ‘dosimetrists-optimized’ 
dose distributions, further indicated as reference plans.  
Material and Methods 
MLO planning involved training of a model using 60 
oropharyngeal cancer patients, which was used to predict 
the voxel dose for new patients. CT scans, structures and 
dose distributions of 99 consecutive primary oropharyngeal 
cancer patients, previously treated with dual arc VMAT, 
were retrieved from our clinical database.  Image and 
contour features were extracted and atlas regression 
forests (ARF), prediction random forests (pRF) and 

conditional random fields (CRF) were trained. Using the 
trained model, spatial dose distributions were predicted 
and optimized to generate clinical treatment plans while 
adhering to the predicted dose. Validation was performed 
with 39 oropharyngeal cancer patients to tune model 
settings using both target and organ at risk (OAR) quality 
measures. Clinical machine learning plans and reference 
plans were compared by means of adequate target 
coverage (D98≥95%), dose on OARs (D0.1, Dmean), normal 
tissue complication probability (NTCP) values (xerostomia, 
dysphagia and tube feeding dependence) and planning 
time. Two-tailed p-values were calculated by a paired 
Wilcoxon signed–rank test and a Bonferroni correction 
(α=0.05). 
Results 
The predicted dose was in agreement with the reference 
dose for all plans, see table 1. Validation showed that it 
was possible to incorporate clinical requirements in the 
model settings. In the final settings, both the clinical 
machine learning and reference plans had adequate target 
coverage in 37/39 (95%) and acceptable maximum OARs 
dose in 38/39 (97%) of the plans. The average sum NTCP 
was 84.5% (±17.8) and 84.9% (±19.4) for clinical machine 
learning plans and reference plans, respectively. Planning 
time for reference plans took around 240 minutes and 
clinical machine learning plans were generated in 65 
minutes (±11.2), with negligible hands-on time. Figure 1 
shows the average dose volume histogram (DVH) of all 
reference and clinical machine learning plans. 

 
 

 




