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Fig. 1. Patient with a liver cancer in the respiratory motion reduction device during
treatment planning. The respiratory motion reduction device, panel and belt are visible.
It was tested for both supine/prone position without RRD and prone position with
RRD (in the abdomen) when patients breathed freely; (a) RRD device, (b) patient setup
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Fig. 2. Representative construction of the respiratory motion reduction device (RRD); (a) plane view, (b) lateral view, (c)

front view
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Fig 4. A representative anterior-posterior separations of a
patient are visible. Length of diaphragm is plotted against
patients. The sign (©) indicates the setup supine position
without RRD, (&) prone position without RRD and (C)
prone position with RRD.
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Fig. 3. Fluoroscopy images for a liver tumor patient acquired movement of diaphragm during inspiratory and expiratory phases
are visible. It was tested for both supine/prone position without RRD and prone position with RRD (in the abdomen) when

patients breathed freely.
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Table 2. Respiratory Movement of Center-of-Volume of Gross Tumor Volume (GTV) and Each Kidney

Patient no. GIV Kidney
Lt. Kidney Rt. Kidney
Lat.  Long.  Vert.  Dist. Lat. Long.  Vert.  Dist. Lat.  Long.  Vert.  Dist.
1 -22  -18.0 4.6 18.7 14 -170 6.0 181 12 -16.0 21 16.2
2 34 -262 13 26.5 17 -135 2.0 13.8 -4.9 243 7.0 25.8
3 40 -155 -124 20.2 12 -70 14 7.2 17 -140 35 14.5

Abbreviations : Lat, lateral shift; Long, longitudinal shift; Vert, vertical shift; Dist, distance
The sign (—) indicates shift to the right, inferior or posterior direction when moved from the exhale to inhale position

Inhalation breathing Exhalation breathing

Fig. 5. Liver tumor and each kidneys at the inhale and exhale phases projected onto the
digitally reconstructed radiographs (DRR). Right view :exhale breath hold CT data, Left
view : inhale breath hold CT data.

o . Table 3. A Representative Dose Volume Histogram (DVH) of
WAL FA G GE o] &3 g o Q% AV|EASle] F Liver Volume with RRD
g D

RICERS Patient no. PTV margins (cm)

© 05 1.0 15 2.0 25
A 7+ 4 & A8 Ay, WX EA1 el w-E DVHel|
G = sl ero C A 1 32 36 43 479 536
AL TELENLAXNE ALsiA] kS Aol okole] 2} 3 38.7 464 52.7 582 602
AR 437%, Bokg] AAellA 40% olRT, THEE tx | YO S G R
AR E AL 7ol 5ok AAofA 30.7%, o7]ol] WE 6 32 39.2 453 49 535
IARAAE F7F ALst9E 7AollE 21924 WA = Z 295 4‘21 5;;1 27-2 ggg
4. 21 48. 4 .
AEE= A7 £40] AU 27% 74ES & F Uk 9 3 4 473 53 559
(Table 3, Fig. 6) 10 26.3 31 37 413 47

Mean (%) 30.7 36.8 43.7 48.9 53.4
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Fig. 6. A representative dose volume histogram (DVH) of liver volume
with RRD are visible. It was showed treatment margins vs. the volume

VSO (%)

SERS LAEXC RELHH &8 HF

3 0.5 cm margin
@ 1.0 cm margin
@ 1.5 cm margin
8 2.0 cm margin

70 B 2.5 cm margin

60

50

40

30

20

10

Patients

of liver receiving 50% of prescribed dose for all patients.

#, 7 5 ZFell wE 3
[

ARANE 3w AR 24 A

$% EYsiolo} el Fel

AFe] F7ksHA =l A

s WA sFew Qe
Zaoko] $A91S T PV

=

=2

[e]

3

279e] Be 7

Azl 2A48E 8

bl B, oz Qs AR SAS ThsAel FobAAl 9 U HEA
B

Zogel $AYL HaselolA

LS iaed

SA ARt L%ELE H-E4el °i‘:]' 01 71741 i
& EolH vl IAE A Eshe 7|HelAE X EA]

ek A 2T oL A
NEWEe Al 9ol A
A4 N gslel 2 A

= SR E
X
ool W1 FFe W 7EUR Qo AAA ke Aow wldh wlA, A
o sgol o3 Fokel o] Tl WE Al $Alew
Sofl 22 As] WAl AAE A4

o] A3 B-:r‘ElOVh:P
el 23t 275 A}

o A SRl wEe ek ek EARIGlE, RRD, WE, AUl2E @ 58 A48

17 = i3iek ol X EA

T4 Al)E o]F= FAl WX ER QI BAS H4& 3 Az A9 2% AR
o shag sk AAN RS BHo| Dol ekl & oA PIVe] eal A 2 84 F ARAZe 5057}
24 X B gk #Ao] szE o] gl 25 A7 4E B4 Agl, 7l 2As = A
ol Wong 592 Ql9|dow 35S =AFogy T o| HU 227% 7HA ZHiso] 3R nAGIe} 3 A}
Fo olgl 2] $AUL WAslHE ATLE A ogtz g SFol wE A7|EEol 71Q1g PIVE A = it
ol ole FHT 3 AlxUAAX g} SFor 3 wd A, ROXE, X5 Aol AFA A ALY F
Tk FAYE AASA wredsA Fele vhd, 524 AE st A s & 7 oA 1 {RAE
WAAXEE 35S 28Tz Foko] $FYS A3 AYT F ek oFEPA] RRDE AL s Yo F
slo] WA X EAE A BEest WA o fEE AT YA EY wIE doliy] &l AE, FHP
=Y F 93, o2 9l FH A=A WA FAow Wl HASL O o] A4E 7, A% A R
A3k At FET F vk HollA] olof] tigk QA4-Eo] A w3l e ¢ T %ol RRDE §-845 &RI% +
duls| Zsx| 3 Qe e, A IEF=A AKX R ARk
A5 3 gl= ABC (active breathing control) AlE- 355 g3 A7) 9x), A7) =Z7), AFARYE LT E e
olg]F o7 =AY Folok s}, 7|AY FQ& AEAX|d] A Hozkel A== £AFslE(normal tissue complication pro

|
w
&)
NG
|



bability, NTCP)3}

b5

To| 2AL % HES A%

j=
g JERH %—Ogil-rrsJ;g(tumor control  probability,

TCP) 59 2dloll ik Az A AA Yol A gstol

2> B3]
FE% 24U

7

o
=
0]
A

. Mary MA, George TY, Joseph RC, et al.

. 271,

. ol A,

3 Rardall KT, James MB, Lon HM, et al.

F oA A9l edbAlel gk oIt
wdt Az} TZEF o vl
5 Sk Ay Az 47
1;1? oomx];q oF 3ol X goll Hr} wol| 7o &
oelel Az,

L eslele 47

o

Bz

Dose volume
histogram analysis of liver radiation tolerance. Int J Radiat

Oncol Biol Phys 1986;12:31-35

. Henkelman RM, Mah K. How important is breathing in ra-

diation therapy of the thorax? Int J Radiat Oncol Biol Phys
1982;8:2005-2010
o|AS Mol
imaging device (EPID)E ©
o MM =X, st YA B keS| X| 2000;18:107-113
AEH| S. ZULEXx|2 Al ZS0f 2l
JEF7IOIEg z|£351517| 28 BHD (Breathing Hold Device)2l
SMof Bst AT FHUAMM B ErE =5F 200062
Potential benefits
of eliminating planning target volume expansions for patient
breathing in the treatment of liver tumors. Int J Radiat Oncol

|I'|

ZtetskXtoll A Electronic portal
St XMl 2%} 2 F2folsAHe|

Eal

rﬁ@?

Ea

M7,

10.

1.

12.

13.

14.

- 32 -

. Antolak JA, Rosen

. Indra JD, Rachelle ML, Benjamin M, et al.

CH

@

ZAILEL

53| Xl 2001:19(4):319~326

Biol Phys 1997;38:613-617

. Balter JM, Ten Heken RK, Lam KL. Assessment of

margins for ventilatory motion. Med Phys 1994;21:913-920

Il. Planning target volumes for radio-
therapy: how much margin is needed? Int J Radiat Oncol
Biol Phys 199944:1165-1170

Efficacy of a
belly board device with CT-simulation in reducing small bowel
volume within pelvic irradiation fields. Int J Radiat Oncol Biol
Phys 1997;39:67-76

. Stroom JC, Koper PC, Korevaar GA, et al. Internal organ

motion in prostate cancer patients treated in prone and
supine treatment position. Radiotherapy & Oncology 1999
51:237-248

International Commission on Radiation Units and Mea-

surements (ICRU). Prescribing, recording, and reporting
photon beam therapy. ICRU Report 50, ICRU, 1993
Ramsey CR, Scaperoth D, Arwood D, et al. Clinical

efficacy of respiratory gated conformal
Medical Dosimetry 1999;24:115-119
Langen KM, Jones TL. Organ motion and its management.
Int J Radiat Oncol Biol Phys 2001;50(1):265-278

Dennis M, Joseph H, Kenneth ER, et al. Technical
aspects of the deep inspiration breath-hold technique in the
treatment of thoracic cancer. Int J Radiat Oncol Biol Phys
2000;48:1175-1185

John WW, Michael BS, David AJ, et al. The use of
active breathing control (ABC) to reduce margin for breathing
motion. Int J Radiat Oncol Biol Phys 1999;44:911-919

radiation therapy.



Ol& 2| 801 @ Z2tYo| HAMXIZ Al SERS LA FEL0 2e 3+

—— Abstract

Use of Respiratory Motion Reduction Device (RRD)
in Treatment of Hepatoma

Suk Lee, M.S."", Jinsil Seong, M.D.", Yong Bae Kim, M.D.", Kwang Hwan Cho, M.S."
Joo Ho Kim, R.T.T.", Sae Kyung Jang, M.D.", Soo Il Kwon, Ph.D.",
Sung Sil Chu, Ph.D.” and Chang Ok Suh, M.D.”

*Department of Radiation Oncology, Brain Korea 21 Project for Medical Science,
Yonsei University, Seoul, Korea
TDeptartment of Medical Physics, Kyonggi University, Seoul, Korea

Purpose : Planning target volume (PTV) for tumors in abdomen or thorax includes enough margin for
breathing-related movement of tumor volumes during treatment. Depending on the location of the tumor,
the magnitude of PTV margin extends from 10 mm to 30 mm, which increases substantial volume of the
iradiated normal tissue hence, resulting in increase of normal tissue complication probability (NTCP). We
developed a simple and handy method which can reduce PTV margins in patients with liver tumors,
respiratory motion reduction device (RRD).

Materials and methods : For 10 liver cancer patients, the data of internal organ motion were obtained by
examining the diaphragm motion under fluoroscope. It was tested for both supine and prone position. A
RRD was made using MeV-Green and Styrofoam panels and then applied to the patients. By analyzing
the diaphragm movement from patients with RRD, the magnitude of PTV margin was determined and
dose volume histogram (DVH) was computed using AcQ-Plan, a treatment planning software. Dose to
normal tissue between patients with RRD and without RRD was analyzed by comparing the fraction of the
normal liver receiving to 50% of the isocenter dose. DVH and NTCP for normal liver and adjacent organs
were also evaluated.

Results : When patients breathed freely, average movement of diaphragm was 12+£1.9 mm in prone
position in contrast to 16%=1.9 mm in supine position. In prone position, difference in diaphragm movement
with and without RRD was 3*0.9 mm and 12 mm, respectively, showing that PTV margins could be
reduced to as much as 9 mm. With RRD, volume of the irradiated normal liver reduced up to 22.7% in
DVH analysis.

Conclusion : Internal organ motion due to breathing can be reduced using RRD, which is simple and
easy to use in clinical setting. It can reduce the organ motion-related PTV margin, thereby decrease
volume of the irradiated normal tissue.

Key Words : Respiratory motion reduction device (RRD), Internal organ motion, Dose volume histogram
(DVH), Hepatoma
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