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Purpose:  Intens ity modulate d ra dio  the rapy (IMRT) has the ability to del ive r 
highly conformal  dos e di stri buti ons  to tumors of complex shape.  Uncertai nti es,  
such as breathin g mo tion , ca n su bst anti ally degrade the quality of an oth erw ise  
optimized treatm ent pl an.  Furthermore, the quality of robustly optimized plans 
s ignificantly de pend  on how well  th e un derlying dose calculation matches the  
actual delivered  dos e to  the  tre ate d or gan.  
 
Method and Mater ials :  W e pr esen t t wo p laning concepts for IMRT using ro bust  
optimization tec hniq ues.   Th e fi rst  con cept relies on pencil beam based 
calculation of t he d eliv ered  dos e.  The  second method employs Monte Carlo  do se 
calculation.  Th e ro bust  opt imiz ati on t echniques seeks to minimize the 
expectation valu e of  the  dev i ation of the delivered and p rescribe d dose with an 
uncertainty mode l re lyin g on  sev era l ra ndom variables.  
 
Results:  When c omparing  the  dep osi ted dose of one pencil beam using Mont e C arl o 
calculations of up t o 10 ^7 p arti cle s to  dose calculations using penc il beam 
based algorithms , we  obs erve  a s ign ific ant laterally scattered dose that is not  
capture with sim ple penc il b eam alg orit hms, amounting to up to 30%.  
Furthermore, a c ompariso n of  the  do se b efore and after sequencing reveals  er ror s 
of up to 5%.  We  d evel oped  a novel robust optimization algorithm that provides 
optimized IMRT p lans  whi ch a re i nhe rent ly robust against dosimetric error s.  
 
Conclusion:  If the trea ted stru ctu re d oes not reveal significant 
i nhomogeneities,  usi ng a  com puta tio nall y less expens ive pencil beam calcu lat ion  
can allow for ot her ways  tre atme nt opti mizations, such as beam - angl e 
optimization, th at a re o ther wise  no t ac cessible without extensive 
approximations.  
 
 


