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Abstract-Intensity-modulated radiation therapy (IMRT) is a new treatment technique that has the potential to 
produce superior dose distributions to those of conventional techniques. An important step in IMRT is inverse 
planning, or optimization. This is a process by which the optimum intensity distribution is determined by 
minimizing (or maximizing) an objective function. For radiation therapy, the objective function is used to 
describe the clinical goals, which can be expressed in terms of dose and dose/volume requirements, or in terms 
of biological indices. There are 2 types of search algorithms, stochastic and deterministic. Typical algorithms that 
are currently in use are presented. For clinical implementations, other issues are also discussed, such as global 
minimum vs. local minima, dose uniformity in the target and sparing of normal tissues, smoothing of the intensity 
profile, and skin flash. To illustrate the advantages of IMRT, clinical examples for the treatment of the prostate, 
nasopharynx, and breast are presented. IMRT is an emerging technique that has shown encouraging results thus 
far. However, the technique is still in its infancy and more research and improvements are needed. For example, 
the effects of treatment uncertainties on the planning and delivery of IMRT requires further study. As with any 
new technology, IMRT should be used with great caution. © 2001 American Association of Medical Dosim­
etrists. 
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INTRODUCTION 

Intensity-modulated radiation therapy (IMRT) is a new 

treatment technique that has the ability to deliver a more 

conformal dose to the target while providing better pro­

tection to the critical organs than conventional 3-dimen­

sional conformal radiation therapy (3DCRT) techniques. 

In the 3DCRT technique, dose conformation is mainly 

achieved through the use of beam's-eye view to provide 

geometrical coverage of the target. Within the field, the 

intensity distribution is either uniform, as in an open 

field, or linear, as in a wedged field. In the IMRT tech­

nique, the intensity distribution inside the field is non­

uniform so as, when combined with other beams, to 

produce an optimum dose distribution in the patient. 

An important step in IMRT is inverse planning, or 

optimization. This is the process by which the intensity 

distribution of each beam employed in a plan is deter­

mined such that the resultant dose distribution can best 

meet the criteria specified by the planner. These criteria 

are typically specified in terms of dose and dose-volume 

requirements, or biological indices such as tumor control 
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probability (TCP) and normal tissue complication prob­

ability (NTCP). 

The concept of inverse planning was first suggested 

by Brahme. 1 Since then, a variety of optimization algo­

rithms have been proposed, based on either dose and 

dose-volume considerations,2
-
9 or on biological indi­

ces.10-13 A number of methods based on dose and dose­

volume considerations have already been used to treat a 

variety of diseases in recent years.14-20 Methods based

on biological indices have not been widely implemented 

in the clinic, primarily because the radiation-biological 

models are not well established, although TCP and NTCP 

values are sometimes calculated for plan evaluation. 

The number of rays (or pencil beams) involved in 

an IMR T plan is typically in the thousands, and the 

number of points in the targets and critical organs used 

for optimization is typically in the tens of thousands. The 

dimensions of each ray depend on the delivery device 

(such as the multileaf collimator), usually between 0.2 

cm to 1 cm along the leaf travel direction, and the leaf 

width along the leaf width direction. For IMRT to be 

practical, the computation time required to solve an 

inverse-planning problem should be within minutes or at 

most, 30 minutes. 

The small size of the ray requires that, in order to 

obtain accurate dose distributions and beam profiles, a 

correspondingly fine dose calculation grid be used. Typ­

ically, about 30 points/cc are recommended; therefore, 

the total number of points used is often in the tens of 

thousands. 
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