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Abstract

Background: Conventional tomotherapy platforms only allow for the deli-
very of helical IMRT. However the use of IMRT and helical delivery in breast
cancer treatment is non-standard. Newer tomotherapy units are equipped
with a static-beam mode with 3DCRT capabilities. During the clinical use, we
frequently observe hot-spots in the plan that renders the plan clinically unac-
ceptable. The purpose of this study is to investigate the underlying cause of
the hot-spots in tomotherapy static-beam breast treatment and possible solu-
tions. Materials/Methods: Theories about the formation of the hot-spot were
developed. Eight lumpectomy patients contoured according to RTOG-1005
specifications were also used to illustrate the magnitude of hot-spots under
various planning strategies. Two tangential beams were used for the whole
breast irradiation plan with prescription dose of 40 Gy in 15 fractions. Re-
sults: The hot-spot was identified as the behavior of the optimization engine
when part of the target region was blocked. With the current design of tomo-
therapy’s 3DCRT planning where user adjustment was greatly limited, none
of the planning strategies were able to reduce the hot-spots to acceptable le-
vels in the eight patients studied. The best strategy still produced an average
of 48.5 Gy (121% of prescription dose) hot-spot dose and 30.4 cc hot-spot
volume (volume receiving > 110% prescription dose). It is also shown that the
hot-spot was not a result of energy or other physical limitation of the radia-
tion device. By manually adjusting the plan sinogram, the maximum hot-spot
dose drops from 121% to 111% and the hot-spot volume drops from 30 cc to
6 cc on average. Conclusions: While TomoDirect 3DCRT showed great prom-
ise in breast treatment, treatment planning software improvements may be
needed in order to improve the clinical acceptability by reducing hot-spots in
normal tissue.
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1. Introduction

Breast conserving surgery with adjuvant radiotherapy offers equal survival to
mastectomy for T1-2 NO breast cancer [1]-[7], and current methods of post-
lumpectomy whole breast irradiation (WBI) result in local control rates of up to
95% [8] [9]. For WBI, 3-dimensional conformal radiation therapy (3DCRT) plans
are typically used with opposed tangential beams in order to avoid the contrala-
teral breast and thoracic organs [10]. Compared to 3DCRT, IMRT has demon-
strated improved dose distributions [11] [12] [13] and reduced acute radiation
dermatitis [14] [15] in breast cancer patients. However, the use of inverse IMRT in
breast cancer has not been demonstrated to improve late toxicity or oncologic
outcomes [16]. Therefore, inverse IMRT remains non-standard and is often not
approved by insurers unless required for cardiac avoidance [17].

Tomotherapy (Accuray Inc., Sunnyvale, CA) is a unique treatment platform
that translates the patient through a ring gantry and delivers fan-beam radiation
with a 6-MV linear accelerator in a helical fashion [18]. Tomotherapy is de-
signed for intensity modulation, with features such as a slit beam and fast binary
multi-leaf-collimator (MLC) enable it to generate homogeneous target coverage
[19]. However, helically delivered radiation is inefficient in breast irradiation
because optimal tangential beam angles occupy only a small fraction of the
360-degree revolution. In addition, integral dose to normal tissues is increased
[20]. These limitations, coupled with the reimbursement issues surrounding
IMRT in breast cancer, have presented obstacles for tomotherapy to be an
all-in-one treatment unit.

In order to overcome the major limitations of conventional tomotherapy in
breast cancer, newer tomotherapy units are equipped with static delivery mode
and a 3DCRT plan mode. The static-beam modes were assigned the name To-
moDirect, and up to 12 static-beam angles may be used in one plan. Both the
static-beam and 3DCRT modes were aimed to resolve the obstacles mentioned
above for breast treatment.

Because tomotherapy is intensity modulated by design, the 3DCRT modes of
tomotherapy are actually a crippled form of IMRT in disguise. Similar to the in-
verse-optimized 3DCRT techniques developed for conventional linac [21], to-
motherapy 3DCRT plan was created by the same fluence optimization algorithm
used by tomotherapy IMRT. The only difference is that in 3DCRT mode, users
can no longer specify optimization constraints to specific structures. Instead, us-
ers are provided simple operations such as selection of a target and the percen-

tage of the target covered by the prescription dose, assigning blocking structures,
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choosing between high and low “compensation” which determines the modula-
tion factor, and switching on/off “normal tissue homogeneity” which puts a pre-
set penalty on hot-spot. Because of the inherent IMRT design and simple inter-
face, we have found in our clinical practice that tomotherapy 3DCRT plans can
often attain IMRT-like plan quality without labor-intensive subfield modifica-
tions used by the forward planning in traditional linear accelerators.

However, we frequently observed unacceptable healthy tissue hot-spots when
we use static-beam 3DCRT for breast planning on tomotherapy. This has forced
us to abandon the static-beam 3DCRT mode for breast planning all together.
The same issue has been reported by other tomotherapy users [10] [20] [22].
These hot-spots have been speculated to occur as a result of the relatively soft 6
MYV beam [10] [20]. However, during our clinical practice, we have observed se-
vere hot spots in normal sized patients. Therefore, it is less likely that the soft 6
MYV spectrum was the culprit. In this study, we attempt to investigate the under-
lying cause of the hot-spots in tomotherapy static-beam breast treatment and to

find possible solutions.

2. Methods and Materials

Figure 1 illustrates the contouring and beam arrangement commonly used for
static-beam 3DCRT planning. Contours were created by a radiation oncologist
according to RTOG-1005 [23] specifications on VelocityAl software (Velocity
Medical Solutions). Due to the tight limit on contralateral breast dose (maxi-
mum dose < 3.84 Gy [23]), the entire contralateral breast was used as a complete
block structure. In addition, a series of “LungHeartBlocking” structures were
created for exploring the desired target coverage/OAR sparing tradeoff. The
blocking structure were created by taking a union of the ipsilateral lung and

heart, then cropping the breast_PTV expanded by various margins. As we trying

(@) (b)

Figure 1. Illustration of contouring and beam arrangement used for planning and hot-spots in the plan. (a) Contralateral breast

(pink), PTV (yellow), PTV_eval (green), and “LungHeartBlocking” structures (magenta). Two tangential beams (blue overlay) are
used for WBI with 3 flash leaves (yellow overlay). Beam does not fully cover PTV due to the contralateral breast block structure
and LungHeartBlocking structure used; (b) The plan created by tomotherapy TPS contains hot spots at the posterior edge of the
tangential beams and near the tip of the breast.
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to achieve the desired OAR sparing, small areas of the breast_PTV may be com-
pletely blocked from the primary radiation.

Our observations led us to believe that the 3DCRT optimization algorithm,
designed to achieve excellent dose homogeneity within the target, was causing
the severe hot spots as illustrated in Figure 2. Figure 2(a) shows a hypothetical
1D dose profile perpendicular to the beam direction. Let’s assume due to the ex-
istence of a blocking structure, a small portion of the PTV received 0 Gy while
the rest of the PTV received the prescription dose of 60 Gy. Figure 2(b) illu-
strates another hypothetical dose profile after the edge leave opened for longer
time. It created a hotspot of 80 Gy (133%) while increased the cold spot dose by
5 Gy through scattering. Tomotherapy’s optimization, like most other treatment
planning software optimization engines, uses quadratic function in the objective
function. In the simplest form, the optimization can be expressed as
arg min (|D—Dp|2), where D is the dose and D, is the prescription dose. The
objective value for dose distribution in Figure 2(b) is actually lower than Figure
2(a), meaning that the optimization engine will choose Figure 2(b) as the better
plan despite the severe hot-spot.

In order to illustrate the observed hot spot problem with the tomotherapy
3DCRT software optimization seen in clinical use, eight whole breast irradiation
cases (4 left-sided and 4 right-sided) were randomly selected and planned using
the RTOG 1005 target volume and OAR specifications. Specifically, breast CTV
was contoured based on RTOG breast cancer atlas. Pectorialis muscles, chest
wall and first 5 mm tissue under the skin were excluded from breast CTV.
Breast_ PTV took 7 mm expansion of the breast CTV. An evaluation structure
PTV_eval was created that excludes the part of the PTV that extended outside
patient or into boney thorax and lungs and first 5 mm of tissue under the skin.
During the treatment planning study, we tested the use of PTV_eval as planning

obj = 60%=3600
obj = 55% +202=3425

& 80
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=
I —
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(a) (b)

Figure 2. Illustration of how optimization engine creates hot-spot as a result of trying to
reduce the cold spot. (a) 1D dose profile of a PTV which met the prescription dose of 60
Gy except that a cold near the edge got 0 Gy; (b) 1D dose profile of the PTV with the dose
at the edge increased to 80 Gy and the cold spot receives 5 Gy. (b) will be favored by op-
timization engine because of the lower objective value.
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target instead of the breast_PTV structure.

Treatment planning was performed with TomoTherapy TomoHD V1.2 plan-
ning station (Accuray Inc. Madison, WI) powered with VoLO technology [24]
[25] [26] [27]. A 2.5 cm jaw width and “fine” final dose calculation grid was
used. Two tangential beams with 3 flash leaves were used to create WBI plans
using the RTOG-1005 hypofractionation arm prescription. The prescribed dose
was 40 Gy in 15 fractions. Since this study is centered on the hot-spot in the WBI
plan, the boost plans were not included in our discussion. Complete blocks were
applied to the contralateral breast and one of the “LungHeartBlocking” struc-
tures. If the plan did not meet the RTOG-1005 “ideal” constraints, a different
“LungHeartBlocking” structure or a slightly different beam angle was used.
When the ideal constraint could not be met, the goal was lowered to the accept-
able constraint. In most conditions, lowering the PTV_eval coverage from 95%
receives 38 Gy to 90% receives 36 Gy was sufficient. The detailed protocol con-
straints are listed in Table 1. According to our experience, the OAR constraints
that are difficult to meet include heart mean dose, ipsilateral lung V16, contrala-
teral lung V4, and contralateral breast Dmax.

In addition to the use of blocking structures and adjustment of percentage of
target coverage, the treatment planning software also allows the user to adjust
“compensation” and “normal tissue homogeneity”. The compensation controls

the modulation factor (a measure of intensity-modulation) and have two choices,

Table 1. RTOG 1005 ARM II target and OAR dose constraints for whole breast irradia-
tion plan [23].

Contour Ideal constraints Acceptable constraints
V38 >95% V36 = 90%
Breast PTV eval V432 <50% V44.8 < 50%
(whole breast volume) Dmax < 46 Gy Dmax < 48 Gy
0.95 < CI < 2.0 (optional) 0.85 < CI < 3.0 (optional)
V1.44 < 5% V2.4<5%
Contralateral breast

Dmax < 2.4 Gy Dmax < 3.84 Gy

V16 <15% V16 <20%

Ipsilateral lung V8 <35% V8 <40%

V4 <50% V4 <55%

Contralateral lung V4 <10% V4 <15%

V16 = 0% V20 =0%

Heart V8 < 10% V8 < 15%

(for right sided tumors) = =20
Dmean < 3.2 Gy Dmean < 4.0 Gy

V16 <5% V20 <5%

Heart V8 < 30% V8 < 35%

(for left sided tumors) = =0
Dmean < 3.2 Gy Dmean < 4.0 Gy
Thyroid Dmax < 0.96 Gy Dmax < 1.44 Gy
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high or low. The normal tissue homogeneity applies penalty to hot-spots in re-
gions outside of the target structures. To demonstrate how various plan settings
affect the hot-spots, four plans for each patient were created:

1) “PTV_eval LC + NTH” as baseline: PTV_eval as prescription target, “Low
compensation (LC)” and the “normal tissue homogeneity (NTH)” checked.

2) “PTV_eval LC”, differed from baseline plan in that the NTH were not
checked.

3) “PTV_eval HC + NTH”, differed from the baseline plan in that the “high
compensation (HC)” was checked.

4) “PTV LC + NTH?”, uses the breast_ PTV as prescription target with low
compensation and normal tissue homogeneity checked.

All 4 plans for the same patient used the exactly same beam angle and flash
leaves. The calculations were run at “normal” dose grid and the final doses were
computed in “fine” dose grid.

Specific dose metrics of interest were hot-spot D, (defined as maximum dose
in the patient volume), hot-spot volume (defined as volume outside of PTVs re-
ceiving more than 110% of prescription), ipsilateral lung D, contralateral lung
D,y heart D_,,, contralateral breast D, ,,, breast PTV_eval Conformity Index
(CI). The CI was defined according to RTOG-1005 as the volume covered by
95% of the prescription isodose divided by the volume of the target PTV_eval.
Wilcoxon signed-rank test was used to test the statistical significance of the ob-
served difference.

In order to further validate our hypothesis that the tomotherapy 3DCRT
software optimization algorithm was causing the hot spots we observed clinical-
ly, all 8 plans with a hot spot was manually modified by adjusting the edge MLCs
in order to adjust the fluence at the beam edge. This involves a labor intensive
process of identifying the delivery plan from the patient archive, modifying leaf
events file, and restoring archive in TomoTherapy TPS for dose re-calculation.
The posterior edge leaves open time were reduced by 15% in all 8 cases. No indi-
vidual optimization was performed. The hot-spot D, and volume and OAR

dose for the modified plan was evaluated.

3. Results

Figure 3 shows the isodose distributions from the 4 planning strategies of a rep-
resentative patient case. All 4 plans show hot-spots along the posterior field
edge. In addition, hot-spots appear near the surface of the breast when
breast PTV is used as target. The width of the hot-spot along the posterior field
edge indicates that it could be the result of a single leaf opening too long.

All RTOG-1005 criteria other than the hot-spot can be satisfied for all eight
patients in all four planning modes. Table 2 summarized the dosimetric compar-
ison between different planning modes. Using “PTV_eval LC + NTH” as baseline,
other planning schemes were compared using the Wilcoxon signed-rank test
and the p value is listed. There is little difference in target coverage and OAR
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Figure 3. Isodose distribution of a representative case planned with (a) PTV_eval
LC+NTH; (b) PTV_eval LC; (c) PTV_eval HC + NTH; and (d) PTV LC + NTH.
PTV_eval was outlined in these figures for reference. Other structures and beam angles

were illustrated on Figure 1.

Table 2. Dosimetric comparison between plans with different planning settings.

PTVEval PTVEval PTVEval PTV
LC+ NTH LC HC + NTH LC+ NTH
Mean (SD) Mean (SD) P Mean (SD) P Mean (SD) P
D_hotspot (Gy) 48.5 (1.6) 49.6 (2.5) <0.001 58.6 (3.4) <0.001 50.2 (1.7) <0.001
V_hotspot (cc) 30.4 (25.2) 44.5 (35.5) <0.001 71.8 (45.6) <0.001 56.6 (39.6) <0.001
Ipsilateral Lung D15 (Gy) 5.2 (3.5) 5.3 (3.5) <0.001 5.7 (3.9) <0.001 5.4 (3.8) >0.05
Contrlat Lung D10 (Gy) 0.3 (0.1) 0.4 (0.1) >0.05 0.3 (0.1) >0.2 0.3 (0.1) >0.2
Heart Dmean (Gy) 1.3 (0.9) 1.3 (0.9) <0.001 1.4 (0.9) <0.001 1.3 (0.9) <0.001
Contrlat Breast Dmax (Gy) 1.2 (0.4) 1.2 (0.4) <0.001 1.3 (0.6) <0.001 1.2 (0.4) >0.2
PTVeval CI 1.4 (0.2) 1.5(0.2) >0.05 1.4 (0.2) >0.05 1.5(0.2) >0.1
PTV Dmean (Gy) 39.4 (0.5) 39.8 (0.6) >0.2 39.9 (0.5) >0.1 39.3(0.5) <0.001

constraints for all 4 plan strategies. However, differences existed in hot-spot me-
trics with hot-spots appearing medial or lateral to the planning target volumes.
The use of PTV_eval as target structure, together with low compensation and
normal tissue homogeneity, produces maximum hot-spot of 48.5 Gy (121% of
prescription dose) and hot-spot volume of 30.4 cc, both the lowest among the 4
plans. Switching off the normal tissue uniformity slightly increases the maxi-
mum hot-spot to 49.6 Gy (124% of prescription dose) and hot-spot volume to
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44.5 cc. Switching on normal tissue homogeneity with high compensation pro-
duced a dramatic increase of maximum hot-spot to 58.6 Gy or 146.5% of pre-
scription dose and hot-spot volume to 71.8 cc. Finally, using breast PTV as tar-
get structure with low compensation and normal tissue homogeneity produces a
moderate increase of maximum hot-spot to 50.2 Gy or 125.5% and hot-spot vo-
lume to 56.6 cc. Figure 4 shows the maximum hot-spot dose and hot-spot vo-
lume under different planning strategies for the 8 patients in this study. The
normal tissue homogeneity does not seem to produce a big difference in both the
hot-spot dose and volume for the baseline plan with low compensation. On the
other hand, the use of high modulation factor significantly increases the hot-spot
dose (p = 0.00005) and volume (p = 0.006). Compared with baseline, the use of
breast_ PTV as the target structure also significantly increases the hot-spot vo-
lume (p = 0.007) and dose (p = 0.003).

Figure 5(a) shows the leaf open sinogram that produces the baseline plan
shown in Figure 3(a). The first 80 projections shows the leaf open sinogram for
the Left Posterior Oblique (LPO) field and the next 80 projections shows the leaf
open sinogram for the Left Anterior Oblique (LAO) field. Figure 5(b) shows the
leaf open time for projection 30. Both figures confirm that the MLC leaf at the
posterior field edge has much longer open time. Figure 5(c) shows the modified
sinogram after a simple strategy to reduce the open time of all posterior edge
leaves by 15%. And Figure 5(d) shows the isodose distribution after the modifi-
cation. Comparing with Figure 3(a), the hot-spot is significantly reduced while
the target coverage maintains at 95% PTV_eval receives 38 Gy. The maximum
hot-spot dose drops from 120% to 113% and the hot-spot volume drops from 34
ccto 5.4 cc.

Table 3 summarizes the improvement in dosimetry after manual modification
of the plan sinogram. Wilcoxon signed-rank test was used to evaluate the statis-

tical significance of the change. Both the volume and the magnitude of hot spot

(b) 160
® PTV_eval LC+NTH ® PTV_eval LC+NTH
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‘ " PTV_eval HC+NTH PTV_eval HC+NTH
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Figure 4. (a) Maximum hot-spot dose expressed as percentage of prescription and (b) volume of hot-spot (defined as the volume
of tissue receiving greater than 110% of prescription) with each planning methods for the 8 patients used in this study.
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Figure 5. Reducing hot-spot by manually modifying the delivery plan sinogram. (a) original sinogram that
produced Figure 3(a); (b) leaf open time (LOT) for projection 30; (c) modified sinogram after posterior
edge leaves open time were reduced by 15%; and (d) the dose from modified sinogram. The maximum
point dose in normal tissue reduced from 48 Gy to 45 Gy and the volume received greater than 44 Gy re-
duced from 34 cc to 5.4 cc comparing with Figure 3(a).

Table 3. Dosimetric comparison after manual modification of the plan sinogram.

PTVEval Manual
LC + NTH Adjustment
Mean (SD) Mean (SD) p
D_hotspot (Gy) 48.5 (1.6) 44.4 (1.6 <0.001
V_hotspot (cc) 30.4 (25.2) 6.1 (10.5) <0.001
Ipsilateral Lung D15 (Gy) 5.2 (3.5) 5.1(3.3) >0.1
Contrlat Lung D10 (Gy) 0.3 (0.1) 0.3 (0.1) >0.1
Heart Dmean (Gy) 1.3 (0.9) 1.1 (0.9) <0.001
Contrlat Breast Dmax (Gy) 1.2 (0.4) 1.2 (0.3) >0.1
PTVeval CI 1.4 (0.2) 1.3(0.2) <0.001
PTV Dmean (Gy) 39.4 (0.5) 38.9 (0.3) <0.001

were significantly improved (p < 0.001). OAR doses were slightly better as well
although most changes did not have any statistical significance (p > 0.1). PTV
mean dose has a statistically significant reduction (p < 0.001), although the
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amount of reduction is small (1.25%). Figure 6 shows the reduction in hot spot
dose and volume for each case after plan sinogram modification. Five of the
eight cases successfully reduced the hot spot dose to within 110% of the pre-
scription. The remaining cases also have respectable reduction in hot spot dose

and volume.

4. Discussion

With traditional tangential breast treatment on LINAC, the extent of the treat-
ment field is determined by the markers placed around the breast. The target
volume is not drawn, rather it is assumed to be covered entirely by the tangential
treatment field. The contralateral breast is not usually drawn either. Recently,
RTOG requires both the target volume and contralateral breast to be drawn for
treatment planning [23]. In particular, the medial border of the breast should
start at the sternal-costal junction. Additionally, due to the concern of the sec-
ondary cancer risk in the contralateral breast [28], the RTOG1005 imposes a
strict contralateral breast dose constraint (max dose 2.4 Gy ideal, 3.84 Gy ac-
ceptable). In order to meet those constraints, the extent of the treatment field
can be limited to exclude a small section of the target volume in order to achieve
better OAR sparing. This, in turn, creates conditions for the hot spots to arise.
These hot spots may lead to both acute and late toxicities.

We noted that several studies investigating the feasibility of using static to-
motherapy on breast treatment does not suffer from hot spot issue [29] [30]
[31]. However, this is likely due to the difference in planning constraint and
contouring guideline used. In Yadav et al’s study, the contralateral breast maxi-
mum dose reaches 19.98 Gy on average [31], In Reynders et al’s study, both target
and contralateral breast is under-contoured in the medial side, as shown in their
supplementary data [30]. These approaches may enable them to have complete

coverage of the target volume by the primary tangential beam. Hashimoyo, et al.

140% 100 b
a
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= manual adjustment 80 ® manual adjustment
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Figure 6. Reduction of (a) hot-spot dose and (b) volume of hot-spot after manually reduce posterior leaf open time by 15% for the

8 patients used in this study.
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showed the great plan quality achieved by TomoDirect IMRT mode 29. The use
of IMRT mode allowed the planner to adjust dose-volume histogram points to
control hot spots. Therefore, these studies did not undermine the significance of
findings in our study.

Similar clinically unacceptable hot spots that we and others have observed
when using TomoDirect 3DCRT for whole breast irradiation were reproducible
in the patient studies we performed. We observed that increased modulation in-
creases these hot spots further. We also observed that manually reducing the
opening time of the posterior edge leaf reduced the magnitude and volume of
the hot spot. These two observations provide evidence that the software dose op-
timization algorithm is contributing to the hot spots.

While our study suggests that adjusting the opening time of the posterior edge
MLC in TomoDirect 3DCRT opposed tangential beams in breast cancer can im-
prove dose homogeneity, performance of this task manually is a cumbersome
labor-intensive process that required us to archive and alter the patient plan. We
were only able to guess how much of an adjustment to make without the imme-
diate feedback of the dose information. Only after restoring the plan archive to
tomotherapy database can we perform the dose calculation to evaluate the effect
of our adjustment. Therefore, it was not feasible for us to optimize the magni-
tude of the adjustment, and determine whether multiple MLCs require adjust-
ment, or test clinical implementation of such adjustments. Despite these limita-
tions, we believe our study demonstrates that the optimization algorithm inhe-
rent to the tomotherapy treatment planning software is not optimizing the
MLCs in a way that makes the most sense clinically and that this software has
room for improvement.

Based on our finding, another possible solution is to create a different target
structure for planning that excludes the regions that is not covered by the pri-
mary beam due to the blocking, similar to the structure proposed by Fields et a/
[10]. However, the extent of the new target structure depends on the tangential
angle selected and there are no existing functions in TPS to create this structure.
Therefore, we have not tested this solution. We also believe that while this solu-
tion will very likely reduce the hot spots reported in this study, it does not
change the fact that the user has limited control on the dose distribution created
by the tomotherapy 3DCRT mode. Therefore, creating a forward-planning in-
terface that allows user to fine tune the fluence adds a much needed flexibility
for the tomotherapy 3DCRT mode.

Our study does not exclude the possibility that the relatively soft 6 MV photon
beam inherent to tomotherapy is a contributing factor to the hot spots as others
have suggested. Nevertheless, our study demonstrates that the beam energy is
not the major culprit.

Our study demonstrates that a flawed software optimization algorithm is at
least a contributing factor in causing the clinically unacceptable hot spots out-

side the planning target volumes in breast cancer patients planned with opposed
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tangential beams using 3DCRT TomoDirect. This is likely limiting the use of
3DCRT TomoDirect in treatment of breast cancer in other facilities, as it has at
our own facility. Facilities that have alternate equipment may prefer to treat their
patients who need whole breast irradiation on the alternate equipment. Facilities
that do not have alternate equipment may be compelled to treat breast cancer
patients using IMRT, although this methodology is much more expensive than
3DCRT and insurance approval may not be granted for its use, or transfer pa-
tients to other facilities to be treated with other equipment. It also seems likely
that the issues we have demonstrated in this study with the use of opposed tan-
gential 3DCRT TomoDirect beams in breast cancer would be observed, as we
have ourselves, in other situations where targets were not fully covered by the
primary beam. In these other situations we have usually been able to overcome
this problem by adding other beam angles, which is not safe to do in breast can-
cer as doing this increases the dose to the lungs, the heart and stomach in left

breast cancer, and the liver in right breast cancer.

5. Conclusion

In this study, we investigated the hot-spots in tomotherapy static-beam 3DCRT
WBI plans. While we found that these plans resulted in excellent sparing of or-
gans at risk, the planning algorithm resulted in clinically unacceptable hot-spots
at the posterior field edges. The origin of those hot-spots was analyzed and ex-
plained. Further study showed that it was possible to reduce these hot-spots by
adjusting the delivery plan. We believe that static-beam 3DCRT tomotherapy
could be modified by allowing the user to adjust fluences in the beam’s eye view.
Such an improvement could make tomotherapy a good modality for treating
breast cases using TD 3DCRT.
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