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enhance the accuracy of primary tumor delineation (differentiating 
from synchronous intrapulmonary pathology such as atelectasis) as 
well as identification of involved hilar or mediastinal lymph nodes 
[6,7].

The most detailed and sophisticated imaging, however, cannot 
account for variability in positions of targets and critical structures 
due to physiologic organ motion and technical setup variability. These 
factors can only be accounted for when a time factor is considered. 
Techniques have evolved that this may be accomplished in the off-line 
setting, the most notable disease site examples for which these have 
been employed are lung and prostate cancer [8,9].

Lung Cancer–O�-Line Image Guidance
Tumor motion due to respiration needs to be considered every time 

radiotherapy is used in the management of intrathoracic tumors. 4D 
CT scans [8] are now routinely employed at the time of RT treatment 
planning simulation for primary lung cancers. This technique involves 
the acquisition of CT chest imaging at coordinated phases of the 
respiratory cycle and allows for precise quantification of the direction 
and amplitude of target motion. This allows for the generation of a 
precise integrated gross target volume to which no additional margin 
for tumor motion needs to be considered. Additional expansions need 
only consider microscopic extension of the tumor and setup inaccuracy. 
The end result of this process is the generation of a planning target 
volume to which the definitive dose prescription will be delivered. 
If constructed appropriately, the gross tumor plus any microscopic 
extension of disease should never lie outside this volume. 

Prostate Cancer–O�-Line Image Guidance
It has long been recognized that the prostate is not a static target 

that its position in the pelvis is subject to variable anatomic shifts based 
most notably on the degree of rectal filling/emptying with stool and 
bowel gas. Historically, this has been managed using off-line adaptive 
techniques that have been employed and described extensively for a 
number of years now. This involves the integration of multiple helical 
CT scans acquired early in the treatment course and subsequent 
quantification of shifts in the prostate position due to both organ 
motion and setup variability. In the off-line setting, the alternative 
approach would be to simply apply a margin around the prostate ± 
seminal vesicles wide enough to account for any organ motion and 
setup uncertainty that may occur across the entire population. In 
implementing this approach, it was possible to generate patient-specific 
planning target volume margins that were shown, in the vast majority 
of cases, to reduce the volume of bladder and rectum being treated 
[9,10]. While not widely employed, the fact that adaptive radiotherapy 
for prostate cancer has been implemented since the late 1990’s has 
afforded the opportunity to illustrate the long-term clinical value of 
image guidance in terms of ability to escalate RT dose, decrease normal 
tissue toxicity, and improve disease control [11].

On-line Image Guidance
Adjunct technology built into contemporary linear accelerators 

now routinely includes cone beam CT, a technique through which 
volumetric soft tissue image acquisition can be achieved with the 
patient precisely positioned and immobilized on the linear accelerator 
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Figure 2: Comparison of Isodose Plans for 4-Field, 3D Conformal 
Radiotherapy (A) and Intensity Modulated Radiotherapy (IMRT) (B) for 
Prostate Cancer.
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Figure 3: Lung Stereotactic Body Radiotherapy (SBRT) Isodose 
Representations: 3D Conformal (A)  vs. Volumetric Modulated Arc Therapy 
(VMAT) (B).
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treatment table. This now allows for precise quantification and 
correction (in real-time) of interfraction variability due to organ 
motion and patient setup inaccuracy. While patient positioning 
may certainly be manually corrected by radiotherapy technical staff, 
accelerator technology has evolved to the point that robotic table shifts 
and rotations may be automatically implemented based on detected 
variations in 3-dimensional target location. That is, no manual 
correction is required and adjustments can be made remotely from the 
treatment console. 

To optimize the utilization of cone beam CT, however, there is one 
additional variable to be considered, and that is intrafraction motion. 
This may be minimized using immobilization maneuvers, examples of 
which would include abdominal compression for thoracic tumors [12] 
or placement
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