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Problems with motion during radiation treatment: A radiation 
beam passes through the lung before it hits the tumor (left, 
outlined in purple). If the patient doesn't breathe, the 
distribution follows a straight line (top.) If the patient 
breathes, parts of the lung move through the beam's path and 
dose distribution will look "smeared" and deformed (bottom). 
 

 
 
 
The goal of radiation treatment of cancer, at its simplest, is to irradiate the tumor, while 
sparing the surrounding healthy organs and tissue. A radiation treatment course is usually 
planned based on information from CT scans, which are basically a series of snapshots of 
patients' internal anatomy. As such, a conventional CT scan does not provide one with 
the information about the internal organ motion, which may be caused, for example, by 
patients breathing or heart beat. In fact, the accuracy of the scan may be compromised 
due to such motion, as the anatomy changes during the scan. 
 
If a treatment course is delivered while the internal anatomy differs from the planning 
scan, the resulting distribution of the dose may be different from the expected. This is 
especially relevant in treatment of lung and liver tumors, which may move by as much as 
half of an inch as a patient breathes. Therefore, one needs to account for the organ motion 
during treatment in some way.  
 
Usually, to stay on the safe side, a physician would simply draw a larger target, so that 
the beam of radiation does not miss the tumor during treatment. But as a result, 
significant volumes of healthy tissue receive a higher dose, which may cause undesired 
side effects in some patients. 
 
Recently a new technology was developed that allows organ motion to be recorded 
throughout the breathing cycle, the 4-dimensional CT, which adds the dimension of time 
to the conventional  "spatial," or 3-D, CT.  
 



The goal of our study was to investigate how information from 4-D CT on the internal 
motion could be used to improve the quality and robustness of a treatment plan. We 
thought of different ways the time information can be used in treatment planning, and 
developed software that allowed us to create plans based on 4D-CT, rather than the 
conventional CT scans. 
 
Firstly, the motion information may be used to better define the target. For instance, one 
can define the target as a volume that encompasses the tumor throughout the breathing 
cycle, so that the tumor always stays within the irradiation field. Typically this is done by 
adding margins to the tumor volume. Using 4D-CT, it is possible to define these margins 
more accurately, and reduce the unnecessary dose to the healthy organs. 
 
Secondly, separate treatment plans may be created for different phases of motion, and the 
best one may then be chosen for "gated" delivery. In this case it will be necessary to 
synchronize the delivery with the target motion, so that the dose is only delivered when 
the tumor is in a certain position, in other words, within a gate (for example, only during 
the exhale). 
 
In yet another approach, one may try to make the organ motion work to the patient's 
benefit, by creating a "motion-adapted" delivery plan that would result in a desired dose 
distribution precisely as the result of the target motion. In other words, the effect of the 
target motion during irradiation would improve the quality of the dose distribution, rather 
than make it worse, as usually is the case with conventional plans. In a way, it would be 
like telling a stubborn child to not eat his veggies, expecting him to do the opposite. Of 
course this will only work if one knows the child's psyche, or tumor's trajectory, very 
well: any irregularity may change the outcome. 
 
Finally, it can be possible to adjust the treatment plan dynamically, during the delivery, 
depending on the tumor position. For instance, it may be more optimal to deliver a 
greater dose to a certain part of the tumor during patient exhalation, and to another part 
during the inhale. In this case, of course, one would need to be able to track the tumor 
position, and adjust the delivery settings within a fraction of a second. 
 
Depending on the character of motion or the tumor site, one of these approaches may 
have an advantage over the others. Tracking the tumor and adjusting the delivery 
accordingly would produce the best distribution if everything goes right, but this method 
is also most technically complicated and error prone. The disadvantage of a "gated" 
treatment is that it would take a significantly longer time to deliver. 
 
Our preliminary calculations based on patient data show that a combination of "gating" 
and "motion-adaptation" might be the best approach. 
 
Our intent is to refine the methods we use for temporal-spatial optimization, and to 
expand the study to include more patient cases, so that, eventually, a physician or a 
planner could decide what would be the best treatment strategy in any given case. 
 



My colleagues and I are very excited and honored that the paper describing our work on 
development of temporo-spatial radiotherapy optimization techniques has earned us the 
AAPM Jack Fowler Junior Investigator's Award. The Junior Investigator's Competition 
has been established this year in honor of Dr. Jack Fowler, Emeritus Professor of Human 
Oncology and Medical Physics at the University of Wisconsin. Among more than 40 
submissions from junior researches (defined by the AAPM as those within 4 years of 
having obtained a graduate degree), our paper was awarded the highest score by the panel 
of reviewers. As the presenting author on behalf of our research group at the 
Massachusetts General Hospital, I will accept the prize at the AAPM Award Ceremony 
during this year's meeting in Pittsburgh and the paper will be presented in a Reviewers' 
Choice session. 


