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Results 
Optimal model parameters are found for low bowel 
pressure and a cervix Young’s modulus between 5 and 25 
kPa (figure 1). Because the cervix is modeled as nearly 
incompressible, the FE method is less prone to 
intermediate volume shrinking effects than linear 
interpolation of a DVF, especially for large movers (figure 
2).  
 

 
 

 
 
Conclusion 
We developed a novel biomechanical library of plans 
method for the cervix CTV. By explicitly modeling CTV 
deformation due to variable bladder filling, volume 
shrinkage of intermediate library CTVs could be avoided. 
Moreover, finite element modeling has the potential to 
accurately describe anatomical deformations in 3D, 
allowing for improved dose accumulation in the future. 
However, validation on additional cervix anatomies or 
internal markers is necessary to further narrow down the 
optimal model parameter ranges. 
[1] Altair Engineering Inc. 
[2] Chai et al. Med. Phys. 38(1):142-50, 2011.  
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Purpose or Objective 
MRI linacs allow for online target definition and online 
replanning for esophageal cancer irradiations, allowing 
high precision treatments. However, online planning 
requires online redefinition of target volumes and organs 
at risk and reoptimization of the plan, both of which can 
be time consuming. Alternatively, simple online setup 
corrections using rigid registration of the target volume 
can be done fast but on the downside do not correct for 
rotations and shape changes. The aim of this study is to 
quantify the proportion of treatment fractions at which a 
simple online setup correction can be safely applied at a 
given PTV margin in clinical practice. 
Material and Methods 
Thirty esophageal cancer patients underwent six T2-
weighted MRI scans (1 prior to treatment and 5 during neo-

adjuvant chemoradiation (23x1.8 Gy) at weekly intervals). 
GTVs were delineated on each individual MRI. Follow-up 
scans were registered to the first (reference) scan. 
Registration consisted of a rigid translation of GTV masks 
with the Kappa-Statistic metric of the Elastix toolbox 
(Klein 2010) to ensure that the GTV in follow-up scans 
overlap with the reference GTV. Subsequently, artificial 
PTVs with varying margins from 1 to 12 mm around the 
reference GTV were created. Finally, the amount of voxels 
of the follow-up GTVs inside the PTV was analyzed for 
each margin. 
Results 
We found that when a PTV margin of 5 mm was applied  
the GTV was adequately covered by the PTV using an 
online correction strategy in 84% of the fractions (Figure 
1/Table 1). Reversely, when using a 5-mm PTV margin, 
16% of the fractions would require an online replanning 
strategy as the shape changes of the target could not be 
absorbed by a 5-mm margin. At a patient level, replanning 
was needed for 43% of the patients at 1 or more treatment 
fractions using a 5-mm PTV margin, mostly for patients 
with distal tumors due to variable stomach filling (Figure 
2). For the majority (57% of the patients) GTVs were 
properly covered in all instances, using a 5-mm PTV 
margin. 
 

 
 

 
 

S41                                                                                                                                                         ESTRO 38 
 

 
 

Conclusion 
Tumor shape and position of esophageal cancer patients 
significantly vary on a daily basis. However, for the fast 
majority of fractions 5-mm PTV margins suffice when 
online MR guided setup correction are applied, enabling 
safe and efficient throughput MRI linac treatments for the 
majority of patients. Target coverage can be increased, 
but go along with an increased number of fractions that 
require online replanning. In both scenarios special 
attention should still be addressed to potential 
intrafraction tumor drifts. 
 
OC-0084 Baseline shifts towards the heart after IGRT 
are linked to overall survival in lung SABR patients 
C. Johnson-Hart1, G. Price2, E. Vasquez Osorio1, C. 
Faivre-Finn2, M. Van Herk1 
1University of Manchester, Radiotherapy Related 
Research, Manchester, United Kingdom; 2The Christie 
NHS Foundation Trust, Radiotherapy Related Research, 
Manchester, United Kingdom  
 
Purpose or Objective 
A recent study showed that in a cohort of NSCLC patients 
treated with standard fractionation, small residual set-up 
errors that move the high dose region towards the heart 
following image-guidance have a significant effect on 
overall survival. As SABR patients are setup daily matching 
to the tumour itself, baseline shifts of the tumour may 
influence the unintended irradiation of the heart and 
mediastinum. This study investigates the association of 
baseline shifts with survival in a SABR cohort. 
Material and Methods 
136 NSCLC SABR patients treated with a daily soft tissue 
matching, 2mm action threshold, online CBCT IGRT 
protocol were studied. The mean shift of the high dose 
region in the direction of the heart due to baseline shifts 
was determined for each patient by performing a bony-
anatomy match starting from the final soft tissue match 
position recorded during delivery for each fraction (taking 
bony anatomy as a surrogate for heart location), averaging 
this value over all fractions, and then projecting the 
resulting vector in the direction of the heart. This ‘heart-
baseline shift’ was then used to categorise the patients 
into high and low risk groups based upon the median value. 
Correlations of this parameter with common clinical 
variables was tested. Kaplan-Meier survival curves were 
used to compare patients with baseline shifts 
towards/away from the heart, and the significance was 
determined through multivariable Cox regression, 
correcting for patient age, performance status, GTV 
volume and existing comorbidities. 
Results 
The heart-baseline shifts had a median value of -0.5mm 
(range -9.0 – 8.6mm) and were independent of all tested 
clinical variables. Yet this parameter was significantly 
associated with survival, with patients with baseline shifts 
towards the heart having significantly worse prognosis as 
compared to cases with shifts away (Figure 1). 
Multivariable analysis found a hazard ratio of 1.261 per 
mm (p = 0.002) for the baseline shift, when analysed as a 
continuous variable (Table 1). 

 

 
 
Figure 1: Multivariable Cox regression survival curves, 
stratified on the median baseline shift towards or away 
from the heart (-0.5mm) to ensure equal group sizes. High 
risk patients (those > -0.5mm, meaning that the majority 
of shifts will move the high dose region towards the heart) 
have worse overall survival (p=0.004). The HR gives the 
hazard of death for high risk patients as compared to low 
risk patients. 
 

 
Table 1: Multivariate Cox regression results with shift to 
the heart as a continuous variable. 
 
Conclusion 
Baseline shifts of the tumour towards the heart (thereby 
increasing the heart dose) during SABR significantly 
correlate with poorer overall survival in this cohort of 
early stage NSCLC patients. Such increase in dose to the 
heart appears to have an early effect on survival. These 
results provide evidence that stricter heart dose 
constraints are required when planning thoracic SABR. 
Furthermore, a PRV around the heart may be required to 
limit the effects of unavoidable baseline shifts. 
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Purpose or Objective 
Radiotherapy (RT) dose calculations on daily cone beam 
computed tomography (CBCT) images may eventually 
allow online-adaptive workflows with current state of the 
art linac technology. Image correction is crucial when 
using CBCT for dose calculation; and for online-adaptive 
RT the corrections should be fast in addition to providing 
accurate dose calculation. This study evaluated three 
different deep learning based correction strategies using 
a U-shaped convolutional neural network architecture 
(Unet) in terms of their photon and proton dose 
calculation accuracy. 
Material and Methods 
For training, CT to CBCT deformable image registration 
(DIR) was performed for 42 prostate cancer patients. This 




