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Fig. 1. Trend of radiation therapy.
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Fig. 4. Window of Image fusion
(A) Simulation CT image (B)
Cone-beam CT image (C) Fused
sagital image (D) Fused lateral
image (E) Result of Image fusion
with displacement vector compo-
nents.

Table 1. Data of Set-up Error for Patient A (Nasopharyngeal
Ca.)

Pt. A Displacement vector
Lat Vrt Lng Magnitude Remark
Date (em)
x(cm) y(cm) z(cm)

20060818 01 -01 0.2 0.24 Before RTx
20060822 01 -01 -01 017 Before RTx
20060825 0.0 0.0 0.0 0.00 Before RTx
20060829 03 .00 -02 0.36 Before RTx
20060901 0.0 0.0 0.0 0.00 Before RTx
20060901 01 -01 -01 017 After RTx
20060904 02 -03 -01 0.37 Before RTx
20060906 —04 0.1 0.0 041 Before RTx
20060908 0.0 0.0 0.0 0.00 Before RTx
20060913 0.0 0.0 0.1 0.10 Before RTx
20060915 0.2 0.1 01 024 Before RTx
20061002 0.0 0.1 0.1 0.14 Before RTx
Average 012 0.08 0.08 0.19
StDev 013 0.09 007 0.15

20061 $YEE] 2006 109717 Zobuletm ol
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Table 2. Data of Set-up Error for Patient B (Nasal Cavity Ca.)

Pt. B Displacement
Lat Vrt Lng MaEgCI::)u de Remark
Date
x {cm) y (cm) z(cm)

20060901 0.0 0.0 0.0 0.00 Before RTx
20060908 -01 -01 -02 0.24 Before RTx
20060915 -02 -01 0.1 0.24 Before RTx
20060922 00 -02 0.1 0.22 Before RTx
20060926 0.0 0.0 0.0 0.00 Before RTx
20060926 0.0 0.0 0.0 0.00 After RTx
20060929 -01 -06 —02 0.64 Before RTx
20061004 0.0 0.0 0.0 0.00 Before RTx
20061012 -02 -01 0.0 0.22 Before RTx
Average 0.09 012 0.06 0.18
StDev 009 019 009 021

FAtteh ol 2 28l dlolAdl &
ZH CTE o] &3 A4g derhFig 4. 23
A3 A EEE e B g CT 448
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AHE A7 cHFig. 3E). o121 WAk A7} X% Hlo]
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Table 3. Data of Set-up Error for Patient C (Cervical Ca.)

Pt. C Displacement
Lat Vrt Lng Magnitude Remark
(cm)
Date
x(cm) y (cm) z(cm)
20060821 0.0 04 -03 0.50 Before RTx
20060824 0.2 01 -02 0.30 Before RTx
20060828 0.0 0.0 0.4 0.40 Before RTx
20060830 01 -02 0.3 0.37 Before RTx
20060901 0.3 02 -02 041 Before RTx
20060904 0.0 01 =02 022 Before RTx
Average 010 017 027 037
StDev 013 014 008 0.10
1.0 1 Patient A

—o— Lateral
084 --- Vertical
- |ongitudinal
--0-- Magnitude

0.6 4

Distance (cm)

T 1
1.2 3 4 5 6 7 8 9 10 11 12

23103 AP 9 Lateral oJ4Hg gelst £ wkAAd X85 4
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ol4 gl YojHolng 7 kel ulE ANE =57

ol ol#gol ek wig) el =Z7|9hg A EA, P
A9} Pt. BollA] HFL 7+7F 0.19 cm, 0.18 cmol™, FFH
A= 22k 0.15 em, 0.21 cmolt}. Bb Pr. Coll 4] *‘”M x
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Fig. 6. Graph of set-up error for Patient B (Nasal Cavity Ca.).
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Fig. 7. Graph of set-up error for Patient C (Cervical Ca.).

Wz2 ZsgchFig. 5~7). F4 5 B¢ Pt A% P B
© 7 #3535 e A4 LAV 4 mmE @A e
o, B g2 +2 mme| P2 ol £Eghc} zelx
ZulH A%0) pr. C & E7 o) njsle] oF £ wiol 77t
& LA EASE, 4 RS Wge g e 4

o 77 Well ez L2} o]Hd o] Avle

T
&

olu| o AR FANE, IRk AS 27 2 mm,
3.0 mme} 2 Aol g HolA gk melm #4H 91X
o4 X & T KV X-ray (OBI A|28NE o] &sto] X &
alste] Arz2Fdd AS

w3 P A% Pt BE 7 13]4 X8 A3l EHCT 4
S olo]A] x| & Falsle] Hokrh Pt AdlAE X8 A7
o] At &, 0.17 mm AKX x| #dr} wkAsiglon],
Pt. BollAl X & AZ9] 9% wzs} gt

— 297 —



CH

o

A E XSS X 2006:24(4):294~299

ZHCTE o] &3 2k FFFEUALAEE 5
Zo] MAAAEIHG EMele Ay 4ol i} F
A A, A8 A 24 oz HAFE & U8
o olEdt HAS WAL NE Aol AN AHE %
& o). oz & o Be 4 loE Y B4
TFE E3lo], A% £ F A A4 (planning target volume, PTV)
u}fd(margin)gl ZRAE A48 5 Yok
2 Zol ANY FE A
A7 EAE A Rsieh WA HARAR
9 o} o2 YUMoz FAR F¢ 2 mm, AYA,
Zub Hke) A$ 27 2.5 mm, 3.0 mm, 3.5 mmé} ¢
A Qek? Ad xtell i olvl Bud B volHEL
AAEL A, BE EE Lgum 5 ol Setsick”
aey ol g diolHES A& A AEse], fx A
F A A g E ol B2 o wol Jn S
CTE o] &3t 2alol AASTutAA 2 Bol| 93 Ax B
A & A A 87 Thssie

ZHACTE o] 43 2ol F4FEdAdA 2ollA 71E
P X gell vl F7tE e Al ZHCT

, B Bl B4l 4~5% AEo|t}. 0|9} 22 F
A 2 f2 QJ3le], ZRCTE o 2

AAXgE A s st HEEoF &

= mlm

ok
+

0,
%2 7

o ;E *

l\)
Mz
o

\l
.32
i
>
oo
ok
o
ALk
¢ [o3
of.

H

O
>
pN3

T
fat
(o]

>}L=lo.}'_H12

Z o

Hol Hgoll FAFE} okzk & kel 247t e
AL oln] o] dFAEl o3l Hixe] 3z, &
o Ao} dxge} 2# g ol FH AUe 3
), whag 5 of] hA 27T A The o 5o
o]z 23H<e 29 o)zt A"

w3l Pt. A9} Pt. Bol|A] X8 A3 Z+7} %}%‘%
CT gA4S wlasl B, A&& Hejrlol FE3t
olE]& ofJAak X8 A7t Bt AT F g

3T
=

=
A

© 2 £

3hake] x| & F) A s A exE =24 g
Azt a2y o 21 3 HEo WAANE AL F
A stoll uiek FES kol dlole] 4 9 24 7 vl
%o Q77 dasieh

z-m FAG AR Wt Vehbs A
P Holw, 7 A& F9)
LZE| E’.H]CTE o]_S.Jo‘-} %g],o AAG T kA8 Al 3Hol

Aeke AWl AFY Ao

11
i
fr
rly
=
S
Q
S
o
g

1. Van Herk M. Errors and margins in radiotherapy. Semin
Radiat Oncol 2004:14:52-64

2. Ekberg L, Holmberg O, Wittgren L, et al. What margins
should be added to the clinical target volume in radiotherapy
treatment planning for lung cancer. Radiother Oncol 1998;
48:71-77

3. Tinger A, Michalski JM, Cheng A, et al. A critical eval-
uation of the planning target volume for 3-D conformal
radiotherapy of prostate cancer. Int J Radiat Oncol Biol Phys
1998:42:213-221

4. Hurkmans CW, Remeijer P, Lebesque JV, et al. Set-up
verification using portal imaging: review of current clinical
practice. Radiother Oncol 2001;58:105-120

5. Langen KM, Zhang Y, Andews RD, et al. Initial Experience
with megavoltage (MV) CT guidance for dailu prostate align—
ments. Int J Radiat Oncol Biol Phys 2005;:62:1517-1524

6. Moseley DJ, White E, Haycocks T, et al. Comparison of
implanted fiducial markers and cone-beam computed tomo-
graphy for on-line image—guided radiotherapy of the prostate
[Abstract]. Int J Radiat Oncol Biol Phys 2004:60:5229

7. Maria AH, Kristy KB, Cynthia E, et al. Assessment of
residal error in liver position using kV Cone-Beam computed
tomography for liver cancer high-precision radiation therapy.
Int J Radiat Oncol Biol Phys 2006;66:610-619

— 298 —



—— Abstract

On-line Image Guided Radiation Therapy using Cone-Beam CT (CBCT)

Jino Bak, Ph.D.*, Kyoungkeun Jeong, Ph.D.T, Ki Chang Keum, M.D." and Suk Won Park, M.D.*

*Department of Radiation Oncology, College of Medicine, Chung-Ang University,
Yonsei University College of Medicine, Seoul, Korea

Purpgse: Using cone beam CT, we can compare the position of the patients at the simulation and the
tfreatment. [n on-line image guided radiation therapy, one can utilize this compared data and correct the patient
position before treatments. Using cone beam CT, we investigated the errors induced by setting up the patients
when use only the markings on the patients’ skin.

Materials and Methods: We obtained the data of three patients that received radiation therapy at the
Department of Radiation Oncology in Chung-Ang University during August 2006 and October 2006. Just as
normal radiation therapy, patients were aligned on the treatment couch after the simulation and treatment
planning. Patients were aligned with lasers according to the marking on the skin that were marked at the
simulation time and then cone beam CTs were obtained. Cone beam CTs were fused and compared with
simulation CTs and the displacement vectors were calculated. Treatment couches were adjusted according to
the displacement vector before treatments. After the treatment, positions were verified with kV X-ray (OBl
system).

Results: In the case of head and neck patients, the average sizes of the setup error vectors, given by the
cone beam CT, were 0.19 cm for the patient A and 0.18 cm for the patient B. The standard deviations were
0.15 ¢cm and 0.21 cm, each. On the other hand, in the case of the pelvis patient, the average and the standard
deviation were 0.37 cm and 0.1 cm.

Conclusion: Through the on-line IGRT using cone beam CT, we could correct the setup errors that could
occur in the conventional radiotherapy. The importance of the on-line IGRT should be emphasized in the case
of 3D conformal therapy and intensity-modulated radiotherapy, which have complex target shapes and steep
dose gradients.

Key Words: IGRT, CBCT, Set-up error
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