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Abstract
Introduction: Intensity-modulated radiation therapy (IMRT) has become a popular choice for breast
cancer treatment. We aimed to evaluate and compare the robustness of each optimization method used
for breast IMRT using TomoTherapy.

Methods: A retrospective analysis was performed on 10 patients with left breast cancer. For each
optimization method (clipping, virtual bolus, and skin �ash), a corresponding 50 Gy/25 fr plan was
created in the helical and direct TomoTherapy modes. The dose-volume histogram parameters were
compared after shifting the patients anteriorly and posteriorly.

Results: In the helical mode, when the patient was not shifted, the median D1cc (minimum dose delivered
to 1 cc of the organ volume) for breast skin for the clipping and virtual bolus plans were 52.2
(interquartile range: 51.9–52.6) and 50.4 (50.1–50.8) Gy, respectively. After an anterior shift, the D1cc of
the breast skin for the clipping and virtual bolus plans was 56.0 (55.6–56.8) and 50.9 (50.5–51.3) Gy,
respectively. When the direct mode was used without shifting the patient, the D1cc of the breast skin for
the clipping, virtual bolus, and skin �ash plans were 52.6 (51.9–53.1), 53.4 (52.6–53.9), and 52.3 (51.7–
53.0) Gy, respectively. After shifting anteriorly, D1cc of the breast skin for the clipping, virtual bolus, and
skin �ash plans was 55.6 (54.1–56.4), 52.4 (52.0–53.0), and 53.6 (52.6–54.6) Gy, respectively.

Conclusions: The clipping method is not su�cient for breast IMRT. The virtual bolus and skin �ash
methods were more effective optimization methods according to our analyses.

Introduction
Radiation therapy is commonly employed to treat breast cancer [1, 2], and three-dimensional conformal
radiotherapy (3D-CRT) with tangential beams is the method used most often. In recent years, intensity-
modulated radiation therapy (IMRT) and volumetric modulation arc therapy (VMAT) have gained
popularity because of their abilities to reduce radiation doses reaching the heart and ipsilateral lung
during breast irradiation [3-12]. 

When inverse planning is performed on a super�cial target, �uence of the tangential beam may increase
near the skin surface to compensate for a lack of build-up material [13, 14]. To avoid this, target clipping
or the virtual bolus technique is used during IMRT optimization for super�cial targets [15]. The target
clipping technique is a simple method, which is used universally for head and neck IMRT [16, 17]. During
target clipping, the target is trimmed so as to maintain a speci�c distance between the surface of the skin
and the target. For example, Ashburner et al. recommend the target be clipped to maintain a 3-mm gap
between the target and skin surface [15]. In contrast, the virtual bolus is only used for optimization, and
the bolus is removed in the �nal calculations. Fluence boosting in the build-up region can be suppressed
using the virtual bolus method in TomoTherapy [18-20]. Although target clipping and virtual bolus plans
are available for super�cial targets, breast IMRT may have a larger beamlet-boosting effect because of
the frequent use of tangential beams.
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During 3D-CRT planning, the skin �ash technique is often used for breast radiation therapy. Skin �ash
involves opening additional multi-leaf collimator (MLC) leaves to the outside of the treatment volume as
a means of compensating for setup error and respiratory motion. Although skin �ash cannot be used in
helical TomoTherapy, in which rotational beam delivery is employed, it can be used for TomoDirect, in
which beam delivery occurs at a �xed gantry angle. TomoDirect is advantageous for breast radiation
therapy because the low-dose spread to the lungs is reduced [21, 22]. Kang et al. reported that skin �ash
maintains coverage of the target in TomoDirect plans when a setup error occurs [23].

Overall, various optimization methods for breast IMRT exist. However, to the best of our knowledge, there
have been no studies evaluating the robustness of each optimization technique using TomoTherapy.
Thus, the purpose of this study was to investigate the e�cacy of each optimization method considering
changes to patient positioning (i.e., setup error or respiratory motion) that may occur in treatment
situations. The investigations in this study focused on the dose uncertainty at the breast surface.

Methods
A. Patient selection and contouring

A retrospective study was performed involving 10 patients who received radiation therapy after breast-
conserving surgery for left breast cancer. This study was approved by our institutional ethics committee.
Plans were generated for patients who were treated in our hospital between April 2019 and March 2022.
The median age of the patients was 59 years (range: 38–82). The TMN classi�cation of the patients were
as follows: T0N1M0 (n = 1), T0N1M0 (n =1), T1N2M0 (n = 1), T1N2M0 (n = 1), T2N1M0 (n = 2), T2N2M0
(n = 1), T3N2M0 (n = 1), T4bN1M0 (n = 1), T4bN3M0 (n = 1). 

Computed tomography (CT, Aquilion64, Canon Medical Systems, Tochigi, Japan) scans were acquired
with a 2-mm slice thickness, head-�rst supine position, and free breathing mode. Patients were
immobilized using the VacLok system (CIVCO Medical Solutions, Kalona, IA) with the use of a wing board
for arm positioning above the head. The CT data were imported into Velocity, version 4.0.1 (Varian
Medical Systems, Palo Alto, CA, USA) and used to create a structure set. The clinical target volume (CTV)
included the left breast and the axillary and supraclavicular lymph node areas. The planning target
volume (PTV) was de�ned as the CTV with a 5-mm margin in all directions. The ipsilateral lung,
contralateral lung, heart, contralateral breast, spinal cord, esophagus, stomach, thyroid gland, and larynx
were contoured as organs at risk. 

For evaluation, breast skin was de�ned as the area of the left breast within 5 mm of the skin surface (Fig.
1a). The clipping target was de�ned as the area where the PTV intersects the area of the body contour
reduced inward by 3 mm. (Fig. 1b). The virtual bolus was created by expanding the PTV to 5 mm and
subtracting the body contour. The density of the virtual bolus was then replaced by 1.0 g/cm3 in the
TomoTherapy planning system (Fig. 1c). The virtual bolus was only used during optimization, and the
�nal calculation was performed without the virtual bolus. 
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B. Treatment planning

Plans were created for the TomoHD system, version 2.1.6 (Accuray Inc., Sunnyvale, CA, USA), which has a
6 MV photon beam with a dose rate of 850 MU/min modulated with 64 binary MLC. The plans were
generated in Planning Station, version 5.1.1.6 (Accuray Inc.) with a collapsed cone
convolution/superposition algorithm. Dose constraints are shown in Table 1. For the virtual bolus plans,
the prescribed dose was 50 Gy to 50% (D50) of the PTV and was delivered in 25 fractions. For the
clipping and skin �ash plans, a prescription point was set at D50 of the clipped PTV. The plan parameters
included a �xed jaw of 2.5 cm, modulation factor of 2.0–2.3, and calculation grid of 1.91 × 1.91 × 2 mm3.
In helical mode, a pitch of 0.287 was used, and a directional block (with only beam ejection allowed) was
set on part of the bilateral lungs. In direct mode, the pitch was set to 0.250, and the beam angle was
tangential to the breast, while two oblique beam angles were used for the lymph node area. When using
skin �ash, the target was clipped 3 mm from the skin surface, and the outer three MLC leaves (1.875 cm
width) were extended (Fig. 1d).

C. Plan evaluation

TomoTherapy DQA Station version 5.1.1.5 (Accuray Inc.) was used to simulate how patient position
variation impacted the delivered dose. To simulate setup error, recalculations were performed with the
patients positioned at the origin (no shift) and then with the patients being displaced in the anterior or
posterior directions. The DICOM-RT �les of the recalculated plans were exported, and the dose-volume
histograms (DVH) were analyzed using Velocity. Moreover, to compare the dose distributions and pro�les
between the plans when shifted 5 mm in the anterior/posterior direction and the origin position, an
analysis was performed using in-house software based on Python (version 3.8.10) with NumPy (version
1.21.4), Pydicom (version 2.2.2), and Matplotlib (version 3.5.1) modules.

D. Statistical analysis

Data are presented as median ± interquartile range (IQR). All statistical analyses were performed using R,
version 4.0.2 (R Foundation for Statistical Computing) [24]. The differences between the two groups were
analyzed using Wilcoxon signed rank test. For three groups comparisons, the Friedman test followed by
pairwise post hoc comparisons using the Wilcoxon signed rank test with Bonferroni corrections were
used. Data were considered statistically signi�cant if p < 0.05.

Results
A. DVH parameters

The DVH parameters for helical mode and direct mode are shown in Table 2(a) and (b), respectively. With
respect to the helical mode, there was no signi�cant difference in D98 for the CTV after the anterior shift.
However, the clipping plans showed a signi�cant increase in D2 of the CTV and D1cc of the breast skin.
The median D1cc of the breast skin for the clipping plans was 56.0 Gy, exceeding 110% of the prescribed



Page 5/13

dose. In contrast, the virtual bolus plan showed no signi�cant difference in D1cc of the breast skin. On
the other hand, after shifting posteriorly, D98 of the CTV was signi�cantly reduced for both optimization
methods, whereas D98 of the breast skin was signi�cantly reduced only in the clipping plan. The D2 of
the CTV increased signi�cantly for both optimization methods.

With respect to the direct mode, as with the helical mode, there was no signi�cant difference in D98 for
the CTV and the breast skin after shifting anteriorly. However, the clipping plans showed a signi�cant
increase in D2 for the CTV and D1cc for the breast skin. The median value of D1cc of the breast skin for
the clipping plans was 55.6 Gy, exceeding 110% of the prescribed dose. The skin �ash plans also
signi�cantly increased D1cc for the breast skin, but within 110% of the prescribed dose in most cases,
which is clinically acceptable. Conversely, after posteriorly shifting, all plans showed a signi�cant
decrease in D98 and a signi�cant increase in D2 for the CTV. D98 of the breast skin was signi�cantly
reduced in all optimization methods, while D1cc was not signi�cantly changed exclusively in the virtual
bolus plan.

B. Difference in DVH parameters compared to origin position 

To examine the differences between the optimization techniques, the differences in DVH parameters
between the origin position and the anterior/posterior shifted plans are shown in Table 3. For the helical
mode (Table 3a), after shifting anteriorly, the DD1cc of the breast skin and D2 of the CTV for the clipping
plans were signi�cantly worse than the virtual bolus plans. In contrast, after posteriorly shifting, the
difference relative to the origin position was small regardless of the optimization method.

When using the direct mode (Table 3b), after the patient was shifted anteriorly, DD1cc for the breast skin
was signi�cantly worse for the clipping plans compared to the other two methods. There was no notable
difference between the virtual bolus plans and the skin �ash plans. After the patient was shifted
posteriorly, there was no signi�cant difference in DD98 and DD1cc of the breast skin.

C. Dose distribution / pro�le

The dose distributions and pro�les for each plan using the helical mode are shown in Figure 2. After an
anterior shift, focusing on the breast skin, hot spots occurred in the clipping plan. However, the virtual
bolus plan showed little change in dose distribution. The dose pro�le showed a large increase in dose at
the breast skin in the clipping plan. Conversely, after a posterior shift, there was little difference between
each optimization method. 

Similarly, the dose distributions and pro�les of the direct mode are shown in Figure 3. After the anterior
shift, hot spots were observed on the skin surface in the clipping plan. However, the virtual bolus and skin
�ash plans showed little change in dose on the breast skin. After the posterior shift, as in the helical
mode, there was no notable difference between optimization methods. As for the dose pro�le, an increase
in dose was noted on the breast skin in the clipping plan. In addition, the dose pro�les showed that the



Page 6/13

dose was approximately 2–3% higher in the virtual bolus plans than in the other plans, with or without
shifts.

Discussion
In this study, the virtual bolus and skin �ash methods were shown to be the most robust optimization
techniques. MVCT imaging of TomoTherapy requires longer imaging times than kV imaging [25].
Therefore, there is uncertainty in positioning due to the respiratory motion of the chest wall. In addition,
because of the longer irradiation time compared to VMAT, there are concerns about the effects of
respiratory motion and baseline drift of breathing [26]. Thus, it is important to create plans that are robust
with regard to setup errors.

Although the clipping method is commonly used for super�cial targets, as is done in head and neck IMRT
[16, 17], the results of this study indicate that the clipping technique is less robust for breast IMRT. In
super�cial targets, the tangential �uence increases because of a lack of build-up material. A plan that
provides excessive �uence to the skin may have a lower objective function [13, 14]. In breast IMRT, the
beam weights in the tangential direction are high to avoid irradiation to the heart and ipsilateral lung.
Therefore, the �uence-boosting effects are expected to be greater. As a result, even when the clipping
method was applied, it was considered insu�cient to compensate for the lack of build-up material. In
addition, ΔD98 of breast skin tended to be decreased in the clipping plan than in the other plans
(Table 3). It should also be noted that in the case of breast IMRT, the use of the clipping method results in
a steeper dose fall-off at the breast skin, and it may result in an insu�cient dose near the breast skin.

The use of a virtual bolus can prevent hotspots on the skin surface during total body and total scalp
irradiation using TomoTherapy [18–20]. It has been reported that a virtual bolus of the PTV + 5-mm
thickness was effective in total scalp irradiation using helical TomoTherapy, which mainly uses
tangential beams as is used during breast irradiation [20]. In this study, the virtual bolus of the PTV + 5-
mm thickness was demonstrated to be useful in breast IMRT using TomoTherapy. However, in some
patients, the D1cc of the breast skin exceeded 110% of the prescribed dose when setup error occurred in
the posterior direction in direct mode (Table 2b). Moreover, the dose pro�les of virtual bolus plans are
higher than those of the other two methods (Fig. 3b). The reason is that the direct mode, which uses only
tangential beams, is more strongly impacted because of the change in target depth caused by the virtual
bolus. Currently, TomoTherapy treatment planning systems do not provide a dose normalization function;
therefore, the skin �ash method would be a better option for this problem. In addition, the virtual bolus
plan showed a tendency for D98 of the breast skin to be lower than other optimization methods at the
origin position (Table 2a). Therefore, if irradiation of the skin surface is necessary, a real bolus is typically
recommended [27, 28]. Furthermore, Sakai et al. reported that an immobilizing thermoplastic shell can
substitute a bolus [28]. In addition to compensating for the lack of build-up material, this substitution
would reduce the uncertainty caused by respiratory motion, which would also be effective in enhancing
robustness.
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For the skin �ash method, it was con�rmed that the method can be used to create a plan that is robust
against setup error. Currently, there are few reports on the robustness of the skin �ash method in
TomoTherapy. When skin �ash is used in direct mode, the �uence of the additional MLC leaves is
determined by the average intensity of the second and third leaves from the outside of the beam edge.
Therefore, excessive �uence to the skin did not occur because there was su�cient build-up material, and
no hotspots were observed when the patients were shifted in the anterior direction. However, the beamlet-
boosting effect may occur if the target contains low-density regions, such as air outside the body or in the
lungs. Therefore, it should be noted that optimization must be performed for clipped targets when skin
�ash is used in TomoTherapy.

In recent years, performing breast radiation therapy over a shorter treatment period has become a
standard practice [2, 29–30]. Considering this, the impact of setup error in a single fraction has increased.
Therefore, the robustness of each plan must be independently considered. Another method for
maximizing robustness is to use an optimization technique with a model of probability density functions
that describe the breathing motion [31–33]. However, treatment planning systems utilizing such an
approach are limited and have not been universally adopted. Based on the results of this study, it was
recommended that the virtual bolus and skin �ash methods be applied in breast IMRT. In addition, it was
suggested that the clipping method is less robust than these two methods.

The results of this study are limited because the patient is simply moved to the anterior or posterior
direction to evaluate robustness. In practice, organ deformation due to breathing should also be
considered. Further investigations should be conducted using expiratory/inspiratory CT or 4DCT to
account for actual respiratory motion.

Conclusion
For breast IMRT, the most robust optimization methods include the use of a virtual bolus and skin �ash.
Our results suggest that the clipping method, which is commonly used for super�cial targets, may be
unsuitable for breast IMRT.
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Figure 1

Contouring

(a) Contours of the planning target volume (PTV; cyan) and breast skin (yellow) in the axial plane; (b) 3
mm clipped PTV (pink); (c) virtual bolus of PTV + 5-mm thickness (green); and (d) beam angle of
TomoDirect plans (blue band) and the skin �ash area (yellow band)
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Figure 2

Dose distributions for plans used in helical mode

(a) From the left column, the following data are shown in helical mode: dose distribution after shifting in
the anterior direction, the dose distribution at the origin position, and dose distribution after shifting in the
posterior direction. Each row, from top to bottom, shows the clipping and virtual bolus plans. (b) Dose
pro�le along line AB for plans after shifting in the anterior direction, at the origin position, and after
shifting posterior direction

Abbreviation: VB; virtual bolus

Figure 3

Dose distributions for plans used in direct mode

(a) From the left column, the following data are shown in direct mode: dose distribution after shifting in
the anterior direction, the dose distribution at the origin position, and dose distribution after shifting in the
posterior direction. Each row, from top to bottom, shows the clipping, virtual bolus, and skin �ash plans.
(b) Dose pro�le along line AB for plans after shifting in the anterior direction, at the origin position, and
after shifting posterior direction

Abbreviations: VB; virtual bolus, SF; skin �ash
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