olgtEel M 143 M 2% 2003

5 H:Hgo Holrt 7153 HEYG AEE AT FAHS WA
metric spiral CT)9 YANZFEZAX(CT simulator) ¥ 334 FEH
system)E o8¢ FIAHG YAILXEAEY PEE ALstn 7|stEy HES B3 F8A9 Y

2 37 B,

S EC AAAE PAAFFEAANA FANS PAMNEE B B2 1P S RO AN ©F
g9¢ o8¢ UM EAANEAYS 3Y PAUZIAEE A F9 HFYF B9 TR

A

%8 34 E(thermoplastic mask, Aquaplast®)® ZAA 71z, A At

A3 F A DEHGAA)(Spiral CTHE o] &35+ AN A H G (volumetric image)E AU BA
e AEAG g 2 ASE A8 TR A MY F A NEH 2 JEH & EAFAY 9
& AA=FEZX(CT-simulator)®] 7Hd& 4 g (virtual fluoroscopy)ol Al Al =79} whake] A ko]
3 Xz Aot nH7)Fol AT AGZFANE AAFLZN 2AFEA ZXNEE T 4 UAoH, A}
"y 448 AR vA °3 AT A2 (digitally reconstructed radiography, DRR)3 ©] =] & 834 A}
A (digitally composited radiography, DCR)& &3l E3lFc] £ 3d9 FA 2 RYXNs8G4E §
Sslgh 71818ty AF L NEFAY olFA €L RXgdydE A A7 Ao A& FZAME HF A
Z(port verification film) 5& HAtgdF#AdIN oz e AT DRR 47 43, AFHor
Hu, FA3A).

H B JA=EZASY 33Y HAHANEAG FA T o83 FAHST PAMd ARAEE V&5
3 AEEA 483 FHE F ATk AAFFA G AR dAZYGe] o|FAER Fxe A
ARG 83 AT AAAY A4S de 108 ololzz #xle EHE £Y 5 UE ¥ oY
BxgdA 9 MY ¥ UFE AAL & U BT AN ASEIINE AFLEHN FLA
Az T, HE4 T Ay AR 4 dUz, 2AE ZAF (A FEPYE FIANAD F UR
. @A E UALSATAANNT g Avit) 4 TELDEAGA NB8FHEIA HF Atole] A
E 2A3o 3 mm oY AFAHLE 4L 5 UAAT CTREZFAE o843 FFAZEAY SA dA
Fage 2PN gAg R TS FAMXNEE &5 Lo)dA HEE F AU

Rorlr

ZME : /XS WAL X) & (craniospinal irradiation, CSI), %%417 Al(central nervous system, CNS), %
A3k E & o4 A X] (volumetric spiral CT), YA YA 84X(CT simulator), 33+ ZEX2AEF
Z1(3D conformal planning system)
irradiation, CSI)7t #83hy o] WHE FHHFE x§st
e EHzsln ¥ A A 8wl o] HHE me-
dulloblastoma, CNS leukemia, germ cell tumors, high
HE3EFE EFE FFAUB7lcentral nervous system, grade ependymomas, multicentric CNS lymphomasel o)
CNS)9 ¥hbd Xge FAAHs WAMIA H(craniospinal o galmel x@WHo|x| gl oS & 9 B2 ¥ T

A7) W] FEG AgAYH Alge] o] FEARS o)

M

1]

o] =& 2003 5¢ 199 H<ate], 20039 64 9Y A=,

2 d7E AAURE GEATH0-1-200A s s T FLSFE
2. ARG PAAARE Ace Ry 93 dEd
5‘—‘]%]132}1-’;‘**@@,_(120—752) f‘i% }"IEH‘E‘:TL;)\‘J_%%' 1341 7] =3 zAoA TEG AZR= dxu ggzilz FEo
AA et -"’Ii’f}tﬂﬂ HOLA}‘}\\:]_%OJQ‘-‘?’} Q J2=11.0 The & HF AR bl Qlulzl o] Hiy
= AH:AHS FA}LS] E‘ ° il Ea ©
Tel : 02)361-7646, Fax : 02)312-9033 ¥, ARBE G FE 2AHE Flo] WAL Bl
01V SRRl PAMNRALS Aokl Aay FABY

E-mail : sschu@yumc.yonsei.ac.kr



q

(=]

1>
o
N
o

o

e E3 A2 z&294(conventional simulation)2 WAL
HEAE Eate] ddo] FAZT ZAMMS FAsta 223
= B == A AL FEAAE FAE

oo} oz A7 AA w$ BHd BgAo] Ak’
E3] 529 @y}t Aoteir] x4 (cooperation)o] &
Az F=d AAE el A7 FFAANE FH37|7F AH
7] W&ol ofe} zdE AANE Aojof stE 71EY 22 E=E
3}

o
)

2 $2EA AW 44 wom PAHAR A

gola £ g7 wel whay AA(sedation)o] &7

" oox
o fr

_—)é
Y
AN
o3
o
—
n
2
2
8
|
o
oo
9‘_11
£
o2
o
o
A
o
Y

g
=2
@,
=]
o
5
£
2
ol
o
i
*
ol
1o
e
fru
2
b
fo
mn
i
>,
-~
o
.
4

w
—|—l"|

719 AAEEFA 2L 34Y PAMEFA 8 A H YA 3D-
CRT) 5¢ ol§3te] TN PAMARE AFshs P
2 pEsg oeg ¥E mies FRAZA BAA
ARE 727 e weE NS 47 e PPl g%
NASKSE WS BT PR 71EY 2EAYeRA
 ASY AFREE A7 ol ALY Az
28 Qs FA% & 9tk 29 MR =98 Spiral

CT Simulation System< A% %4 4Hvolumetric image)&
AL 4 9 yMFEA X :EF(virtual simulation)® X E
Agol 7h5ste] Bxetn ErbEd A5AgS HEEA 4
A = A HEe delrt Mo HFY(Medullo-
blastoma, CNS Leukemia, Germ cell tumors, High grade
ependymomas, Multicentric CNS lymphomas %) X&E&
93t & F wrA X Z(Craniospinal irradiation, CSD9] =

23 2 ZuH L Volumetric spiral CT$9 Virtual simulator

=
ZE Qo= AEHo| 1 FTAPHZS] Ao glo] #dd A
EiR

$¥3 Qgen AZzAdE AUW wid ¢ Ax B
AAABRRE Agstel SAANE 4BE FRA7IDR
seivt

Tt o
1.0

2002 1€elA 2003 5€7bA AAGAE WAL T F
Folj A FAHSF PARNAEES B2 B 11HE e

% o
st o FHEAAAN Agst MEH(leukemia, CNS re-

H =E=EX|

U

ol8st FMAA S WAMY LMZ=HXIZ HF

o

lapse) A7} 19, 52 A Z%(medulloblastoma) #3271 8
w AN EZE(germ cell tumor) BAP7E 2ot vole
1494 18A7E Ak, 8=k F AAFE] gl 28 A A
sl7]17F 283 #3242 $Hes AdIdERHEHY RoXaF
g o83 FAHsAEHS ALstgom A AAHLe

2 g A8 Table 1).

2. BXIXINAEY|T 1ot

A 14 E s e FBE oAzeldA ofd
2 ]’*%0] F 24 A

=2 w9ks] Aeleld AAE Vac-Loc®
a =)

3t ZFol Ao
%% 74 S (thermoplastic mask, Aquaplast™)& A 2s}e]
FE =2 pAAAHFig. 1).

22 A4 ARAY B L AF

o
=
9] A(posterior & both lateral)S FAlEta Foll= 71&4

N
[y
in
fijo
L M
c};ﬁ l\
e S
32
2oy o
o
il &
1o} _]}m
e %
]
= R
N 2
)
L)
W
T e
2 o
[o]
4 =
ol o 1

N
M
2
o
=
>
o
R
A
>
AN
r>~
tio
=
5
Al
do
o
£
oX.
ofN
r)*
o
bl

3. HAMHEGA 2= (whole body volumetric images)
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pitch, revolution, thickness, index, ID point,

Table 1. Patient Characteristics

No. (égai) Sex Diagnosis I()é);? Position  Spine
1 4 Male Mudulloblastoma 405 Supine TL-Spine
2 5 Female Mudulloblastoma 36  Supine TL-Spine
3 5 Female Mudulloblastoma 36  Supine TL-Spine
4 5 Male Leukemia 12 Supine TL-Spine
5 6 Male Mudulloblastoma 36  Supine TL-Spine
6 6 Male Mudulloblastoma 36 Prone TL-Spine
7 6 Male Mudulloblastoma 345 Supine TL-Spine
3 8 Male Mudulloblastoma 36 Prone TL-Spine
9 16 Male Germ cell tumor 21 Supine T+L Spine
10 17 Female Mudulloblastoma 405 Supine T+ Spine
11 18 Male Germ cell tumor 30  Supine T+L Spine

_91A



olsr2e

A 143 M23% 2003

Fig. 1. Patient with a craniospinal irradiation; patient setup.
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Fig. 2. Geometry of craniospinal irradiation; The isocentric,
parallel-opposed lateral cranial fields, a posterior thoracic spine
field and a posterior lumbar spine fields are schematically
shown. The reference point and line is marked for the patient
setup.
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Fig. 3. Craniospinal irradiation as seen in sagittal and coronal views. Accurate matching of the
cranial, thoracic spine field, and lumbar spine fields is achieved by interactive collimator and couch
rotation on the virtual simulation.
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Table 2. Standard protocol of craniospinal irradiation (CSI) with CT-simulation

Procedure Content

1. Patient position and immobilization

* Prone (some time supine): PA Spine and RT/LT lateral Brain

* Thermal plastic mask and body fix
* Lasers positioning: Posterior and both lateral

2. CT-Acquisition

* 5 mm slices through pelvis, abdomen, thorax

* 3 mm slices through head and neck
* whole body scan : top of head to pubis (5 cm below defined volume)
* 120 to 200 images per study

3. Virtual simulation for Cranial fields

* Orbits and anterior aspect of cribriform plates contoured

* Isocenter at mid lateral separation at cranial markers

* Field width set to cover skull with 2 cm margin

* Collimator rotated to match superior divergence of spinal field
* Verify acceptable volume of shoulder in e¢xit of beam

* Shield designed

* Posterior fossa boost fields also planned

4. Virtual simulation for Spinal fields * Field length and position determined (head, thorax, pelvis) on mid sagittal image
* Superior border on C1-C2
* Inferior border to include adequate coverage of spinal arachnoid space
* If two spinal fields required. junction is placed anatomically at level of cord

*

*

5. Field matching

Field width set to cover vertebral bodies bilaterally by 1 cm. verified on DRR

Collimator rotation(f) for brain field by PA spine field and SSD

f=arctan (1/2 length/SSD)

% Couch rotation (t) by lateral brain field and SAD
t=arctan (1/2 length/SAD)

* Moving junction on brain and upper spine fields

* Junction moved 1 ¢cm up and down per week (10 Gy)

* two spinal fields, Skin junction gap calculated at level of cord
g=length” depth/SAD

6. 3D dose calculation

* High energy photon (4 or 6 MV)

* Cranial dose:59.4 Gy, Spine cord dose: 36 Gy
* Field matched volume dose distribution and DVH
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Fig. 4. Dose planning for craniospinal irradiation as seen in sagittal and coronal
views. Dose volume histogram and dose distribution on junction area by two field

matching.
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3-D Conformal Radiotherapy for CNS Using CT Simulation

Sung Sil Chu, Ph.D., Kwang Hwan Cho, M.S., and Chang Geol Lee, M.D.
*Department of Radiation Oncology, Yonsei Cancer Center, Yonsei University, Seoul, Korea

Purpose : A new virtual simulation technique for craniospinal irradiation (CSI) that uses a CT-simulator
was developed to improve the accuracy of field and shielding placement as well as patient positioning.
Materials and Methods : A CT simulator (CT-SIM) and a 3-D conformal radiation treatment planning
system (3D-CRT) were used to develop CSI. The head and neck were immobilized with a thermoplastic
mask while the rest of the body was immobilized with a Vac-Loc. A volumetric image was then obtained
with the CT simulator. In order to improve the reproducibility of the setup, datum lines and points were
marked on the head and body. Virtual fluoroscopy was performed with the removal of visual obstacles,
such as the treatment table or immobilization devices. After virtual simulation, the treatment isocenters of
each field were marked on the body and on the immobilization devices at the conventional simulation
room. Each treatment fields was confirmed by comparing the fluoroscopy images with the digitally re-
constructed radiography (DRR) and digitally composited radiography (DCR) images from virtual simulation.
Port verification films from the first treatment were also compared with the DRR/DCR images for
geometric verification.

Results : We successfully performed virtual simulations on 11 CSI patients by CT-SIM. It took less than
20 minutes to affix the immobilization devices and to obtain the volumetric images of the entire body. In
the absence of the patient, virtual simulation of all fields took 20 min. The DRRs were in agreement with
simulation films to within 5 mm. This not only reducee inconveniences to the patients, but also eliminated
position-shift variables attendant during the long conventional simulation process. In addition, by obtaining
CT volumetric image, critical organs, such as the eyes and the spinal cord, were better defined, and the
accuracy of the port designs and shielding was improved. Differences between the DRRs and the portal
films were less than 3 mm in the vertebral contour.

Conclusion : Our analysis showed that CT simulation of craniospinal fields was accurate. In addition, CT
simulation reduced the duration of the patient’s immobility. During the planning process. This technique
can improve accuracy in field placement and shielding by using three-dimensional CT-aided localization of
critical and target structures. Overall, it has improved staff efficiency and resource utilization by standard
protocol for craniospinal irradiation.

Key Words : Craniospinal irradiation (CSI), Central nervous system (CNS), 3-D conformal radiotherapy,
CT-simulator, Virtual simulation, Geometrical verification, Medulloblastoma
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