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Purpose/Objective

The aims of this study are to

demonstrate (1) the improvement in

the patient dose distribution from

using skin collimation when treating

with bolus electron conformal therapy

(ECT) and (2) the utility of the pencil

beam redefinition algorithm (PBRA)

for calculating dose in the presence of

bolus and skin collimation.

Introduction

ECT is defined as the use of one or

more electron beams for the following

purpose: (1) containing the planning

target volume (PTV) in the 90% (of

given dose) dose surface: (2)

achieving as homogenous a dose as

possible (e.g., 90% to 100%) or a

prescribed heterogeneous dose

distribution to the PTV; and (3)

delivering a minimal dose to

underlying critical structures and

normal tissue [1]. ECT can be

achieved through energy modulation
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The superior aspect of the patient plan

using bolus ECT without skin

collimation is illustrated in Figure 5.

Due to the width of the beam

penumbra and the proximity of the

PTV to the eye, the lens and ocular

orbit receive considerable dose

compared to the plan with skin

collimation in Figure 6. DVHs in

Figure 7 show insignificant changes

in the DVH of the PTV, but

significant changes in the DVHs of

the critical structures. For the lens,

dose to the 10% volume is reduced

from 24% (13 Gy) to 5% (3 Gy). For

the ocular orbit, dose is reduced from

58% (31 Gy) to 30% (16 Gy).

Methods

Skin collimation has been incorporated

into the PBRA on our in-house

treatment planning system

COPPERPlan [11-13]. The PBRA was

modified such that the electron fluence

of pencil beams exiting the skin

collimation was set to zero.

PBRA accuracy of dose beneath skin

collimation was evaluated by

comparing calculated with measured

dose profiles. Dose profiles were

measured at 10 and 15 MeV in a 100-

cm SSD water phantom for a 10x10-

cm2 applicator insert. Skin collimation

was simulated by positioning a 1-cm

thick lead plate with an 8x8-cm2

opening on the water surface (Fig. 3).

Measurements were also made with 1

or 2 cm of water above the bottom

surface of the lead to simulate the

bolus.

The utility of skin collimation was

studied using a CT model of a patient

that presented with basal cell

Conclusions

1) Some patient treatment plans with

bolus ECT will benefit from the

utility of skin collimation for

sharpening the penumbra, particularly

when the PTV lies near critical

structures.

Fig. 1  Patient setup for ECT using a custom electron 

bolus (a) and skin collimation (b). 
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Fig. 4.  Comparison of 3-cm depth dose profiles 

measured and calculated in water for a 15-MeV electron 

beam at the with and without lead collimation present at 

the 2-cm depth.

achieved through energy modulation

of the incident electron beam by using

a custom wax bolus that has been

fabricated using a milling machine to

fit the patient surface and provide

variable energy degradation across the

field (Fig. 1a) [2-5]. For bolus ECT,

the bolus is designed for the 90% dose

surface to encompass the PTV and to

conform to its distal surface. This

requires a beam energy sufficiently

high to reach the deepest regions of

the PTV and results in thicker bolus

over shallower portions of the PTV,

leading to a large penumbra width and

an increased dose to structures

adjacent to the PTV. Tertiary skin

collimation between the patient and

bolus sharpens the penumbra and can

reduce this effect (Fig. 1b).

Standard computer treatment planning

using a standard pencil beam

algorithm or Monte Carlo methods is

more complex when lead skin

collimation is present and has yet to be

demonstrated. Treatment planning

using the PBRA [6] is advantageous in

that beam data is easily commissioned

and the accuracy of PBRA dose

calculations [7,8] is comparable to

Monte Carlo-type dose algorithms

such as BEAM/DOSXYZ [9,10] (Fig.

2). It is also possible to model beam

modifiers such as custom bolus and

skin collimaton as was done in this

study.

that presented with basal cell

carcinoma of the left parotid. Two

bolus ECT plans were created, one

without and one with skin collimation.

In the first plan, the field size was

sufficiently wide and bolus designed

so that the 90% dose contour

conformed to the distal surface of the

PTV. In the second plan, skin

collimation was added to sharpen the

penumbra. Dose-volume histograms

(DVHs) for the PTV, lens, and ocular

orbit were evaluated.

structures.

2) The PBRA can be used for

calculating electron dose within 4%

in the presence of skin collimation,

particularly in the case of bolus ECT.
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pp 126-127, 1994Fig. 3. Experiment setup for measuring dose profiles in 

water beneath lead skin collimation.

Fig. 2. Comparison of isodose lines computed for an 

internal mammary chain breast field using a Monte 

Carlo-type dose algorithm (thick lines) and the PBRA 

(thin lines).

Fig. 7  Comparison of DVHs for custom electron bolus 

treatment plans with and without skin collimation present 

(given dose = 53 Gy).  

Fig. 6 PBRA-calculated dose distribution for custom 

electron bolus (red line floating above CT image of skull) 

treatment plan with skin collimation present. Again the 

90% isodose line (red) conforms to the distal end of PTV 

(green line) but less dose is delivered to the orbit (yellow 

contour inside CT image of patient head)

Fig. 5.  PBRA-calculated dose distribution for custom 

electron bolus (red line floating above CT image of 

patient head) treatment plan without skin collimation 

present. The 90% isodose line (red) conforms to the 

distal end of PTV (green line).  

Results

Results show that the PBRA-

calculated dose in the presence of

skin collimation is sufficiently

accurate for treatment planning.

Figure 4 shows a comparison of the

PBRA-calculated and measured dose

profiles at the 3-cm depth with and

without skin collimation present at

the 2-cm depth. PBRA-calculated

doses agree within 2% in the high

dose region (D > 90%, Dmax=100%),

and distances to agreement are within

1 mm in high-dose gradient regions of

the penumbra. Differences in the low

dose region (D < 10%) are as large as

4% and are attributed to the PBRA

not modeling large-angle scattering.


