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A previously described method for including liver deformation in dose calculations has been applied to nine individual patients.  
Mutual information-based deformable alignment (using thin-plate splines) transformed the liver between normal inhale and exhale 
positions.  Combined with time weighting, this transformation permitted recalculation of doses including effects of breathing. 
Simulated tumors in the superior, intermediate, and inferior regions of the liver as well as the patient’s actual liver tumor were 
analyzed.  The prescribed dose for each tumor was individualized, while the estimated nominal liver NTCP was maintained at 15% 
(using the Lyman-Kutcher-Burman NTCP model) based on calculations including deformation (RBD), 1-D inferior-superior rigid 
body motion (RB), and no motion (STATIC).  One-third of the cases had a change in prescribed dose of more than 1.5 Gy between the 
RBD and STATIC and the RBD and RB for the patients’ actual tumors.  The simulated tumors indicated that RB calculations tend to 
over-prescribe dose to tumors in the superior region of the liver, compared to RBD calculations, due to RB calculations not accounting 
for shape change in the dome of the liver and the 3-D motion of the liver.  RB calculations also tend to under-prescribe to tumors in 
the inferior region of the liver, compared to RBD calculations, due to RB calculations over-accounting for the motion of the inferior 
region of the liver.  The influence of deformation tends to increase as the effective volume decreases, the volume of the PTV 
extending out of the liver increases, and the bending energy of the alignment increases. 


