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External beam radiotherapy (EBRT) plays a vital role in the treatment of cancer, with close to 
half of all cancer patients receiving EBRT at some point during their course of treatment. 
Although EBRT is a well-established form of treatment, there are a number of ways in which 
EBRT could still be improved. First, the two delivery techniques commonly used in EBRT 
(fixed-gantry intensity-modulated radiation therapy [IMRT] and rotational volume-modulated arc 
therapy [VMAT]) could be combined to improve plan quality and delivery efficiency. Secondly, 
the direct aperture optimization (DAO) algorithms that are used to create VMAT, IMRT, and 
hybrid VMAT-IMRT treatment plans could be accelerated to make treatment planning more 
efficient. Finally, image sets acquired on-line prior to treatment, like cone-beam computed 
tomography (CBCT), could be used to assess plan quality and to adapt treatment plans after 
anatomical changes such as weight loss or tumor regression have occurred. 
 
Our group has developed and evaluated a new treatment planning technique called unified 
intensity-modulated arc therapy (UIMAT) which combines the optimization and delivery of 
rotational VMAT and fixed-gantry IMRT. When retrospectively compared to clinical treatment 
plans using VMAT or IMRT alone, the UIMAT plans reduced the dose to nearby critical organs 
by as much as 23% without compromising tumor volume coverage. The UIMAT plans were also 
more efficient to deliver. The reduction in normal tissue dose could help lower the probability of 
treatment-related toxicities, or it could be used to improve tumor control probability, via dose 
escalation, while maintaining current dose limits for organs at risk.  
 
Next, we proposed a fast inverse direct aperture optimization (FIDAO) algorithm for IMRT, 
VMAT, and UIMAT treatment planning. FIDAO introduces modification to the equations used in 
DAO. These modifications reduce the computation time of repeated calculations performed in 
the DAO process. By reducing the time of these calculations, DAO will be able to execute faster 
and improve the treatment planning efficiency. When evaluated on several test cases, these 
modifications did not significantly impact the plan quality but reduced the DAO time by as much 
as 200-times. If implemented on GPUs, this FIDAO algorithm may allow for applications like 
on-line treatment adaptation.  
 
Finally, we proposed a method of acquiring tissue density information from CBCT datasets for 
on-line dose calculations, plan assessment, and potentially plan adaptation using FIDAO. This 
calibration technique accounts for patient-specific scattering conditions, demonstrated high 
dosimetric accuracy, and can be easily automated for on-line plan assessment. 
 
Collectively, these projects help reduce the normal tissue doses from EBRT; improve the 
planning and delivery efficiency; and pave the way for application like on-line plan assessment 
and adaptive radiotherapy in the presence of anatomical changes. 


