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Fig. 1. Picture of 4D Phantom (Dynamic Phantom; CIRS, USA)
with an insertion of artificial target pointed by arrow.
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Fig. 2. CT images at 0% (first row), 50% (second row) and 100% (third row) respiratory phase acquired by a respiratory gating
system (AZ-733; Anzai Medical Inc., Japan). Longitudinal position of each image, Z, is 5.7 cm.

So] ALl Y Ho 7]7] A2 Fted A vk g Wb
s AE F5E 53 Z9 7Y AdAZE A4 HE9]
32 FDG ZASE FDG 249 o 74 So] oS n)
A}, wak o z2o] AAZAT FHr|o] e} HE
A Z I} (partial volume effect)7} 101" 2 cm o]s}ol Zok
odlA& H 3 Suvzt obd i SUVIE ®ol Ag5w RE
ﬂ]xq YL Ay FByL Bgxoz Ayl Foko|A] ¢

l At wEhA 2 *d"*OﬂH Suv —r?<1°ﬂ dFe E

ID-CTS] GTVs: 4 SH9I4uEE 45
X gAE A 2] Z 2 18 (CoreFusion)s ©]-&3f
AAES Fallslgit. JAASe] AF U4

& CorePLAN (RTP, SC&J)& o]-&3l FYL3t window, level
Z71(W: 401, L: 800, W+L: 1201)2. & Ql-FA&ol| i3t 7t

IEAFHEES] GTVES 4 & A 54Tl
< T 343} 4D PET/CTS 2
SUV= Eﬂil/]—i_x_ True-D (Siemens Medical Systems)& ©|
f3to] oFAF ol £ FDG (100 12 Ci, 33 cc)oll Tk %]
H(100%) SUVE 7|52 & 50%, 30% 18| 5% SUVE A
A3t
PET 347} 4D-CT *d4S CoreFusions ©]|-&3 PET-CT
A4S v g F CorePLANAl|
A 59 TAA (Isocenter) & AR kv (Axial) o 4oll
Al #ZH(Left), $-(Right), A1 (Sagittal) 34oll4] A (Ante-
rior), %(Posterior), A(Superior), s}(Inferior) W3S 2 MTV
7] Aol9} FIE Z2H7t u|arslgict
E dFollA= PET/CT d-dollA Jela AR A4
ol vehd 50%, 30% 12li 5% SUVE 42 VOIs
(Volume Of Interest)?} 4D-CT JAoll4] 12 X3 GTVE
H| 3, H7Fslal, IGRTS 4D-CT 93k Aol A g 259

- 176 -



MELONG, TEST
Topogram

o, - Resp

oetzel M2t M23 2010

Total mAs:

Pause

R
A,  Resp

> 12 rpm

MELONG, TEST
Topogram ™
), | Resp

Auto Tasking

Total mAs:

Pause

,I.I}\,2 Resp (2] =]

> 12 rpm

A oll A €] GTV% 4D PET/CT%'MW Y3t TES
A gl suvz o 3]
7 2 FAR *—Ll%% s}t

1) PET/CTlA] PET <34 5% SUVE <l vOIg+
PET/CTS] CT <dA4olA AAL GTVE Eelsle] RTP
(CorePLAN)S o]&sto] 4% 9X4E wlawslgla,” PET
343 4D-CT GZollA AA 3FY S BEE Z+
50% Ea9dmiEE 4T g4 e
Ao} {3 45 XS vl st
Zte] GTVE HaLshiet>”

2) 4D-CT9] A ZTF9N gl W& F3 GTVE
PET %7ollA vehd 50%, 30% L&l il
VOIs®}e] vliE

=

AR sl
5%2] SUVE o1&
S MTVE HE 7153 SUVE 2]

Auto Tasking . . . .
Fig. 3. Pictures of respiratory signal

and corresponding CT images ac-
quired at (a) 25% inspiration phase
(shown as gray bar) and (b) 25%
expiration phase (shown as yellow
bar). Beam is on for therapy at time
interval between yellow bar and
gray bar in (a).
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Fig. 4. (a) Axial image and (b)
sagittal image of lung and spine
inside the phantom from the fusion
image of the artificial target using
PET/CT (gray color) and 4D-CT
(red color) at 50% respiratory
phase.
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Fig. 5. Pictures of (a) axial image and (b) sagittal image of the total GTV obtained from integration of all percentage respiratory
phases in 4D-CT image using ruler function of CorePLAN. Region in light blue color in axial image and in dark green color in
sagittal image represents total GTV.
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2323123
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Fig. 6. Axial PET images of VOIs acquired from 50%, 30% and
5% SUV.
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Fig. 7. Axial 4D-CT image of the GTV acquired during 25%
expiration phase and 25% inspiration phase.

Table 2. Comparison of total GTV from 4D-CT image with VOI obtained from 50%, 30% and 5% SUV in PET Image (Unit in

each parameter is cm and SD represents 1 standard deviation).

4D CT TOTAL GTV (SD)

PET 50% SUV VOI (SD)

PET 30% SUV VOI (SD) PET 5% SUV VOI (SD)

Volume (cc) 66.9 6.8 247 67.6

Axial Rt. 2.01 1.18 (0.83) 1.67 (0.34) 2.05 (—0.04)
Lt. 1.95 1.09 (0.86) 1.46 (0.49) 226 (—0.31)

Sagittal Ant. 2.02 1.15 (0.87) 1.54 (0.48) 1.68 (0.34)
Pos. 2.09 1.22 (0.87) 1.60 (0.49) 2.10 (0.08)
Suf. 272 0.64 (2.08) 1.81 (0.91) 3.01 (—0.29)
Inf. 3.89 1.21 (2.68) 2.13 (1.76) 3.92 (—0.03)
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Table 3. Comparison of VOI obtained from 50%, 30% and 5% SUV in 4D PET image with GTV from 4D-CT image (Both
regions were obtained from the image of percentage respiratory phase from 25% expiration to 25% inspiration.) (Unit in each

parameter is cm and SD represents 1 standard deviation).

4D CT 25% 4D PET 50% 4D PET 30% 4D PET 5%
RESP. GTV (SD) SUV VOI (SD) SUV VOI (SD) SUV VOI (SD)
Volume (cc) 449 253 32.5 473
Axial Rt. 2.00 1.77 (0.23) 1.79 (0.21) 2.06 (—0.06)
Lt. 1.98 1.85 (0.13) 1.88 (0.1) 2.06 (—0.08)
Sagittal Ant. 2.02 1.71 (0.31) 1.71 (0.31) 211 (—0.09)
Pos. 221 171 (0.5) 2.09 (0.12) 250 (—0.29)
Suf. 24 8 (0.6) 1.81 (0.59) 241 (—0.01)
Inf. 21 209 (0.01) 2.09 (0.01) 241 (—0.31)
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Evaluation of the Feasibility of Applying Metabolic
Target Volume in 4D RT Using PET/CT Image

Changuk Kim*", Keum Sung Chun', Kyung Hoon Huh', Yeon Shil Kim",
Hong Seok JangT, Won-Gyun Jung*, Lei Xingf, Tae-Suk Suh*

*Department of Biomedical Engineering, The Catholic University of Korea College of Medicine,
TDepartment of Radiation Oncology, Seoul St Mary's Hospital, Seoul, Korea,
TDepartment of Radiation Oncology, Stanford University, California, USA

In this study, we evaluated feasibility of applying MTV (Metabolic Target Volume) to respiratory gated radiotherapy
for more accurate treatment using various SUV (Standard Uptake Value) from PET images. We compared VOI
(Volume of Interest) images from 50%, 30% and 5% SUV (standard uptake volume) from PET scan of an artificial
target with GTV (Gross Tumor Volume) images defined by percentage of respiratory phase from 4D-CT scan
for respiratory gated radiotherapy. It is found that the difference of VOI of 30% SUV is reduced noticeably
comparing with that of 50% SUV in longitudinal direction with respect to total GTV of 4D-CT image. Difference
of VOI of 30% SUV from 4D-PET image defined by respiratory phase from 25% inhalation to 25% exhalation,
and GTV from 4D-CT with the same phase is shown below 0.6 cm in maximum. Thus, it is better to use 4D-PET
images than conventional PET images for applying MTV to gated RT. From the result that VOI of 5% SUV from
4D-PET agrees well with reference image of 4D—-CT in all direction, and the recommendation from department
of nuclear medicine that 30% SUV be advised for defining tumor range, it is found that using less than 30%
SUV will be more accurate and practical to apply MTV for respiratory gated radiotherapy.

Key Words: PET, 4D PET/CT, Standard uptake value (SUV), 4D-CT, Metabolic target volume (MTV)
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