
II. Methods
The effect of TLV on the dose distributions observed by the target and the surrounding 
tissue was computed using 3D convolution and demonstrated on two test cases: an ideal, 
computer-generated, spherically symmetric target and dose distribution; and a 2-arc, 10-
fraction treatment plan used to treat a representative lung lesion in a human subject.

Computer-Generated Target and Dose Model
A 3D, spherically symmetric dose distribution was created to simulate the ideal dose 
field size for a 12 mm diameter, spherical lesion. The dose field consisted of a uniform 
dose at the center of the target region that fell off as a function of r3 at the target edge 
according to the equation:

Dmax = peak dose within the target, Rt = target radius, and R90 = radius of the flat 
central plateau at maximum dose.   R90 is defined such that the dose at the target edge 
becomes 90% in the presence of the r3 falloff.  For Dmax = 110% and Rt = 6 mm, R90
becomes 4.4 mm. To simulate the effects of varying the treatment margin size, R90
was increased or decreased, while Dmax and Rt were kept at fixed values.
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III. Results

IV. Conclusions

Optimizing Positive Margins

Optimization of (Positive) Margins  
For the computer-generated dataset, for each margin size and TLV, the resulting tumor DVH and minimal tumor dose 
were computed. The margin size was adjusted in one-tenth millimeter increments; the optimal margin value was found 
by iteration that achieved a minimum tumor dose of 90%. For the lung lesion plan, dose distributions were first 
generated for margins of 2-8 mm, and for the 7x7x10 mm margin-plan used for the actual radiotherapy treatment, and 
the corresponding optimal TLV values were then determined by iteration.

Computer-generated dataset: The optimal (positive) margin was always 
smaller than the corresponding TLV for TLV < 4 mm.  The slope of the 
optimal-margin versus location-variability relationship for TLV values 
greater than or equal to 2 mm was 1.47, with intercept –1.87 mm.

Lung Lesion dataset: The optimal margin size was always greater than 
the corresponding TLV, with a slope of 1.6 and intercept of 0.713. 
Optimal variability values could not be determined for margins <2.5 mm 
because the minimum tumor dose was already less than the desired
minimum 90% dose level. Shifting the lung lesion curve accordingly 
(downward 2.5mm) gives a similar result to the simulated results.

Optimizing for Very Small (& Negative) Margins:             Lung Lesion Plan, TLV of 4mm

For a given target location variability (TLV) in the range of 1-4 mm (encompassing the expected physiologic 
range when using repeated end-expiration breath holding [2]), the optimal margin size was found to be 
approximately equal to the standard deviation in the target position. Since the planning treatment margin 
has traditionally been defined to match the target range, our results suggest that the volume of irradiated 
tissue can be reduced substantially. For an ideal, 12 mm-diameter spherically symmetric target and dose 
distribution and a TLV of 4 mm, the optimal treatment margin is 3.9 mm, resulting in 1.06 cm3 of 
surrounding, healthy tissue receiving >80% maximal dose – a drop of 85% compared with conventional 
margins. The technique has been extended successfully to include the use of very small and even negative-
valued margins, when the proper dose amplification is applied.  The use of negative margins can give 
another 50% or greater decrease.

End-expiration breath holding often enables one to reduce the radiotherapy treatment margin 
size for lesions <20 mm in diameter such that a lethal dose can be administered to the tumor 
while keeping the volume of healthy tissue receiving toxic dose within clinically acceptable 
limits. The primary targeting problem is the variability in target location (TLV) over repeated 
breath-holds that results in dose field broadening [1].   We seek an optimal treatment margin 
specification for any given TLV that will result in a tumoricidal dose being delivered to the 
target while minimizing the volume of surrounding healthy tissue that is likewise ablated.  
Furthermore, we hypothesize that it is possible to exploit the statistically-random nature of 
TLV to utilize extremely small, even negative-valued margins.
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Lung Lesion Treatment Plan 
A ~12 mm-diameter tumor was chosen that was located posteriorly-inferiorly in a 
patient’s left lung. The treatment plan consisted of 6-MV X-rays administered in two 
110-degree arcs separated from each other by 20 degrees. Each arc was administered 
daily at 2.5 Gy/fraction, during independent ~15-second breath-holds, and repeated daily 
over 10 days of treatment, for a total of 50 Gy.

(the isodose contours at 90, 80, 50, and 30% of maximal dose are shown)

Optimization of Very Small (& Negative) Margins  
When using very small margins, dose blurring effect will significantly shift the DVH curve for the target down and to the 
left, giving unfavorable results. Based upon the dose broadening simulations for each margin, a scaling factor can be 
computed and applied to the dose distribution such that the minimum tumor dose will be identical to the desired 
therapeutic minimum dose. The criterion used for comparing several different margin sizes after scaling was the 
minimization of lung volume receiving 80% of the maximum dose.
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