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SUMMARY

The breast cancer is cancer that forms in the cells of the breasts, and the
most common cancer in women. The breast cancer treatment options based
on type of breast cancer, its stage and grade, size, and whether the cancer
cells are sensitive to hormones.

Modern radiation therapy has been developed with improvements in the
treatment equipment. TomoTherapy is a recent equipment innovation, and it
can be used to treat multiple targets over the entire body. However, this
approach could be difficult for certain therapy sites, such as lung or breast.
Imaginary contours have been used in such cases in the past, but the
treatment problems for these sites have now been solved with the recent
development of TomoDirect delivery mode. Due to the use of a fixed angle,
TomoDirect can cause a concentrated dose in sites other than the target.
The present study investigated the effect of the PTV contour and the use of
Flash on the dose distribution for breast radiation treatment planning
through the use of a cylindrical phantom.

First, the effect of peripheral delineation in the skin direction of the PTV
was defined by the body contour. The PTV—4 contour, which has a
constant dose distribution below PTV—4, is currently used in the evaluation

of the Flash effect in the tangential region and is associated with breast

Vi



irradiation using TomoDirect.

Second, the effect of Flash on increasing and decreasing depths inside the
phantom, was investigated. Plans for expanded rectangular PTVs including
the entire Flash area were also designed to compare the Flash effects. The
radiation dose decreased in areas where the depth increased, and the
radiation dose increased when the depth decreased. Constant dose
distribution was observed when the area encompassing Flash was included
in the PTV in the form of an expanded PTV.

Third, the effect of Flash in air, the absolute dose was measured and
compared in plans with PTV contouring. The approach compared several
plans with either the Flash 3 plan or the non—Flash plan. When Flash was
not used, a dose decrease of 12.12% was observed, even with 5 mm of
set—up error. In contrast, when Flash 3 with an air margin of 1.875 cm was
used, accurate dose distribution (with changes within 1% for 15 mm of set—
up error) was observed.

According to the investigational study of breast irradiation using
TomoDirect, Flash, which can be applied to obtain the PTV with a relevant

air margin, can reduce the effect of set—up errors in patient positioning.

Key words: Breast cancer, Flash effect, TomoDirect, Radiation therapy,

Setup error
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Figure 1. A schematic diagram of a TomoTherapy unit illustrating the ring gantry,

treatment head, and detector system.
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Figure 2. The 64 binary MLC from a Tomotherapy machine. The odd and even
leaves are mounted opposite to each other with interfacing. (Dyk J, et al.

Tomotherapy: A “Revolution” In Cancer Radiation Therapy. 2013)
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Figure 3. An axial CT at the level of the upper teeth. A mega voltage CT (MVCT)

image obtained on the TomoTherapy is shown in (A) and (B) is a kilo voltage CT
(kVCT) image.
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Transverse L1122 s |

Figure 4. TomoDirect beam angles and isodose mapping images. (A) is a 3

beams arrange image and (B) is a planning image with isodose mapping.
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Figure 5. TomoDirect beam’s eye view images. (A) Flash not applied, (B) Beam
fluence of "A”, (C) Flash 3 applied, (D) Beam fluence of “C".
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Figure 6. The phantom body and planning target volume (PTV) were contoured.
The PTV refers to the coincidence with body contour and five PTVs were then
created by pulling this contour back from the body contour by -1, -2, -3, -4, and
-5 mm, giving PTV-x.

27



4.2 Flash leaves 7|=0f }E MZF B3

mrpoleE AR A AgHE Flasht Wl 9%e] el e

7}A) 3L Flash®=X=2 3xd ¥ ™, 2+2} 570744 Flash leaves7t %8 = olth.

mlo

./_‘,:
olu] Flash leaf 319 Aol= EREHZT Au|o FHAA 0.625 cm 9 &%
=

7FA a1 Qlom R E leaves 7F U A LW Hu 3.125 cm 9] %S ghe=

Flash leaves®] Algof w& AFEEE &Rlst7| 95t 1 Zo] 9H9
e Ag9 die} QA YHo FUHE A5 uo BE Ass s, 19
73 o]l ME UF-e eJF- Z+Z PTV contours 1R U

5 FA F7FEl= Flash leavesell 23] wAsh= ZgA e A=

o

ool A E(point) x5 AT leaves? T AwWbA<Ql

Jo
ok
12

Azl FAF Hor FojA= 2 cmf AR v (margin)2 ¥

T

37N7FA ) leavesel thsle] X5 A& Az EXE el

28



fransverse <«

——Flash 3
e e———=Fadhi 2

e —— — —
T — — —

 — e m— —
—— ——

TR e

—Flashl
__ant.¢c _ . Non Flash

moa —
in.b
in.c

Figure 7. Plan image with Flash 0, 1, 2 and 3, each applied to show the
dimension of Flash. (A) Air interface transverse image with Flash applied to PTV-4.
Point x refers to the point of interest in the tangential area. (B) PTV rectangle
transverse image inside the phantom. The pink contour is the normal PTV and
the blue contour is the expanded PTV. Anterior (a, b, c), interior (a, b, ¢, d) and

posterior (a, b, ¢) are points of comparison.
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Figure 8. The dose-volume histograms(DVHs) are shown according to the PTV
contouring. The PTV shows the phantom body and the PTV contour concurring.
PTV-x shows the length in mm (-1, -2, -3, -4, -5) that was decreased from the

body contour into the phantom.
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Table 1. Minimum, maximum, and average radiation dose in the planning target

volume

PTV delineation Dmin (Gy) Dmax (Gy) Davg (Gy)

PTV 942 21.29 19.05
PTV-1 13.88 20.88 18.86
PTV-2 15.10 20.88 18.84
PTV-3 15.86 20.79 18.79
PTV-4 17.80 20.84 18.78
PTV-5 17.80 20.87 18.78

Dmin=minimum dose, Dmax=maximum dose, Davg=average dose, PTV=planning target volume.
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Figure 9. The plan images in tangential area according to the presence or
absence of Flash. (A) Flash do not applied, (B) Flash 1 applied, (C) Flash 2 applied
and (D) Flash 3 applied.
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Figure 10. The Flash effect inside the phantom is shown. Decrease area refers to
the area where the depth decreases over the target area. In increase area, the
depth increases over the target area. Expanded target area is the area that

includes target area, decrease area and increase area.
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Table 2. Flash effect inside the phantom

Flash number Non flash Flash1 Flash2 Flash3 Expanded PTV
Radiation dose (Gy)

Anterior a 0.90 121 165 5.60

Anterior b 141 356 15.97 18.05 18.13
Anterior ¢ 7.38 17.44 17.97 18.11 17.93
Interior a 18.10 18.08 18.07 18.06 18.07
Interior b 18.01 18.02 18.03 18.03 18.05
Interior ¢ 18.02 18.03 18.02 18.02 18.02
Interior d 18.08 18.02 18.01 18.00 18.05
Posterior a 8.06 16.93 17.46 17.59 18.00
Posterior b 1.49 3.36 15.28 17.07 17.96
Posterior ¢ 0.94 121 1.67 5.07
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Figure 11. Flash effect according to the set-up error is shown. The 5, 10 and 15
mm of set-up errors in the air direction in tangential area of plans either without
Flash or with Flash 3 were created, and absolute dose was measured from 10

mm inside phantom.
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