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Tomography, 4—DCT)0. & 35351 7} Akl gAro &
XA 9 LAAS 18st YHairAg A (Internal Target
Volume, ITV)¥} %] & A& 32444 (Planning Target
Volume, PTV)& 27dsto] A8 AL =3 4 3717} ©]
FO|xA| L0 spA|gh, 34 S| ekl Q= B4
B719] Aol =4 9

o

o7} A = 9o, &4

A, 231 914 CTY4H(Top Phase CT image)ol] 44
H A=A L 7] T5-5291d CTHH30 %, 40 %,
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1. Patient Selection and Contour Propagation
(Eclipse™)

1078+ o= sielom, e 2xb= oH
Q1 A7 2 YARAA] S (Intensity Modulated Radiation
Therapy, IMRT)AIZo] =H=|QIeh, B3k WE 2Ake] &
771 % 60 % $1do] 2L 9foleal F7hE ATt

A g1 At 710 e FA 9 CT
JAaro| aeFom, & %84 (Gross Target Volume,
GTV), W53#24-gA(Internal Target Volume, ITV), #|
S A8 3%482(Planning Target Volume, PTV)1} %
5 9, 25 9, A%, A, A0 7] 840] a1
Aok o2 9P CTIAY #2& A4S flal 5 #H<t
9= 9= Eclipse(Treatment Planning system Ver—
sion 13,6, Varian, U.S.A)2] Contouring Segmentation
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2. 4-D Dose Map using Deformable Image

Registration
71 HL 91 CT? *o*oﬂ 22l A2 ARS gxﬂ 55

TE
2 319 E‘r 1% VELOCITY JEJE“(VELOCITY pro—
gram Version 4.0, Varian Medical System, U.S.A)2]
zﬂoﬂx ]‘(DIR) 7 o]sl{ﬂ.o% Oﬂ/ﬂ»& tﬂt‘ﬂfg}_o:lq.
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2 Deformable Multi— pass‘%“ﬂ% AFLS A Haskal

Qom 2 Atofa= Earet o] Deformable Multi—
passtdA1S Aeisto] QAHARPS ARSI

1 YA CTYAS Primary(Fixed) Image® A4
siglom, S5 5210 7T 13430 %, 40 %, 50
%, 70 % Phase Image) Secondary(Moved) Image
2 A B o

Ch(Fig. 1). B2,

A& (Image Deformation)& A8

QPG4 Aojdll Deformation
Vector Field(DVF)& EHE a3 (Dose Deforma—
tion)2 ARG & E21710] 7 YAFIAle] 24
H X 2AE9] ﬁ%%E(BO, 40, 50, 70 % Phase dose

map)5-< 27} Secondary® AAste] AFHPS A4
Stgirtiee” 7 5 HEE AeFtarso] Al (Dose
Accumulation)& AA|5FATHFig, 2). ©]A-S ZF 94k
AR E 231 91 CTY/l TUSAIX] Aol 2
Aol TEFEEeVdol AefE 43k Agiazeial
Jofsiirt, ok, Ak 43 AREE AL 91 CT

%
\\.\

‘ DVF (Deformation Vector Field) ‘

Fig. 1.

Deformable Image Registration and Deformation Vector Field
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Other phase images

Fig. 2. Procedure of 4D Dose Accumulation
Gl Bl 7|& 3ahY AeFEare} vl uE a9t

3. 4-D Dose Evaluation

HAH0) HHILE §15tel BAPFARIIS 49193
(International Commission on Radiation Units and
Measurements, ICRU) H114 625 7|20 & 324
A RES 4749 AFREAAY PTV A A5

86
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A71A 9] 390 AU BFFEPAIAR A Y F IS o187 43 AAFE7T

DOSE(CGY)

A. Mean Lung Dose

LUNG V06,

B. Lung Vsay

C. Lung Viocy

HEART MAXIMUM DOSE

DOSE(CGY)

G. Heart Vsgy
Fig. 3. Comparison of 3D parameters and 4D parameters
(A. Mean Lund Dose, B. Lung Vs gy, C. Lung Vioay, D. Lung Vao ey, E. Mean Heart Dose F. Heart Dmax, G. Heart Vao ey, H. Esophagus Dmax, I.
Spinal cord Drnax)

Ds o
HI = A2
Do [22]
Dso  PTVO] 5 9% |-Zo] Hh= Hek(Gy)

Dos 5 - PTVE] 95 % 8-Z]0] Hl= A& (Gy)

3 A7) W A A e AR EEE &

APAIRL 4 }Q’J AeFRaz o] AeFA| 482 (Dose Volume
Histogram, DVH)Z} 7|2 2|31 94} CTHAE] 331 Al

GHE PSS Mur st 4710 3

E. Mean Heart Dose

ESOPHAGUS MAXIMUM DOSE

H. Esophagus Dmax

F. Heart Dmax

SPINAL CORD MAXIMUM DOSE

o
)
i
wy
o]
(=]

I. Spinal cord Dimax

(Mean Heart Dose, MHD)¥} Diax, Vio oy B715193Ch
BE3F A0 Ap = Duas 5785101 B71513ITh

T AFg7Ee] Zpol -9 FRlsh] Sl t— A8 Al
5}o] p-valueE F-F.oH, Fo5E-2 0,052 A8

4, ZotEH2(Gamma pass rate)

474 AR e] Aede A5k sl 42 At
S-S A B7HE 95 QUASAR™ Respira—
tory Motion Phantom(Modus Medical Devices Inc )}
GAFCHROMIC™ EBT3 Film(Ashland ISP Advanced
Materials, NJ, USA)2 o|&3}92H(Fig, 5), Film
Scanner(EPSON Expression 10000—LX, Japan)E ©]-&-
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Cumulative Dose Volume Histogram

Ratio of Tatal Structure Volume [%)

L1 G111 B == 2
S0 2500 3000 3500 A0 4500
Dose [cGy]

Fig. 4. Comparison DVH of 3D Dose and 4D Dose Accumulation
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A. CT Simulator for Phantom Study Lightspeed RT16 CT
simulator(General Electric Co, USA)

——
oY

\ﬂ-a‘

C. QUASAR™ Respiratory Motion Phantom(Modus Medical D. GAFCHROMIC™ EBT?3 Film(Ashland ISP Advanced Mate—
Devices Inc.) rials, NJ, USA)
Fig. 5. A. CT simulator for phantom study, Litghtspeed RT 16 CT-Simulator(General electric Co, USA)
B. LINAC for phantom stutdy, VitalBeam(Varian, USA)
C. QUASAR™ Respiratory Motion Phantom(Modus Medical Devices Inc.),
D. GAFCHROMIC™EBT3 Film (Ashland ISP Advanced Materials, NJ, USA)
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Table 1. Motion Measurement of Specific Phase and Direction (Unit in ratio : cm)
Rt lung Lt lung Heart Esophagus Spinal cord
S-1 0.989+0.34 0.809+0.34 0.694+0.23 0.676+0.42 —0.006£0.02
0~60 % —-0.018%0.14 0.148+0.14 0.151+0.1 0.101£0.08 0.002
- 0.034+0.09 —0.003£0.09 —0.018+0.45 0.04£0.07 0.001
S— 0.265%0.1 0.125%+0,11 0.203+0.08 0.274+0.24 —0.003%0.05
30~60 % 0.023%+0.11 0.083+0.08 0.061+0.05 0.006+0.07 0.002+0.01
- 0.024+0.05 0.002+0.02 0.033+0.07 —0.007£0.05 —0.001
S— —-0.076£0.22 —0.,006£0.14 —-0.,049£0.12 —0.109£0.28 0.003%0.05
60~70 % - 0.015%0.02 0.040+0.04 0.0£0.05 —0.019£0.08 —0.002+0.01
L-R —-0.017£0.04 —0.008+0.01 0.0£0.08 —0.002+0.05 0.001
S-1 0.468+0.13 0.256+0.09 0.29+0.09 0,521+0.21 0.060£0,04
int:r(\:fr?l:ﬁion 0.094+0.06 0.131£0.06 0.096+0.04 0.121+0.05 0.013+0.01
L- 0.039+0.04 0.0274£0.01 0.093%0.05 0.068+0.03 0.007
Table 2. Volume Measurement of Specific Phase (Unit in ratio : cm3)
Patients # Rt lung Lt lung Heart Esophagus Spinal cord
30 % phase 1295.1 11149 734.1 38.7 220
Patient 1 60 % phase 12223 1003.8 721.0 37.6 234
70 % phase 12441 1034.5 755.3 30.7 22,0
30 % phase 1476.0 11253 688.0 27.7 245
Patient 2 60 % phase 1423 4 1077.7 637.5 30.4 245
70 % phase 14271 1078.9 702.6 279 245
30 % phase 11889 731.8 818.1 34.1 13.9
Patient 3 60 % phase 1103.5 702.4 805.3 33.9 15.0
70 % phase 1141.6 700.6 851.1 31.9 139
30 % phase 971.8 1124.4 1044.5 31.6 20.1
Patient 4 60 % phase 871.5 1045.0 997.0 33.1 20.1
70 % phase 905.4 1052.7 1069.7 32.7 20.1
30 % phase 1983.3 1539.2 895.7 40.3 26.3
Patient 5 60 % phase 18524 1449.7 837.4 415 26.3
70 % phase 1890.2 1466.9 878.0 40.5 26.3
30 % phase 11489 1064.9 9446 30.0 17.2
Patient 6 60 % phase 1045.6 995.6 860.8 29.5 17.2
70 % phase 1111 .4 1021.0 939.9 28.3 17.2
30 % phase 808.1 1360.2 888.1 37.6 212
Patient 7 60 % phase 714 4 1188.2 879.9 36.4 212
70 % phase 740.4 1324.1 914.3 37.3 212
30 % phase 1335.5 921.1 728.6 23.0 247
Patient 8 60 % phase 1262.5 873.6 740.2 258 247
70 % phase 1325.3 893.8 788.8 22,6 24.7
30 % phase 1177 .4 907.4 535.4 23.5 21.3
Patient 9 60 % phase 1129.2 867.0 510.1 258 224
70 % phase 1153.5 904.9 508.7 251 213
30 % phase 1591.0 2102.5 695.5 65.2 30.2
Patient 10 60 % phase 1506.9 2054.8 7189 56.2 21.2
70 % phase 1571.3 2148.7 701.4 65.9 30.9
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slo] WEL BT WY A7 S CTY] = A
A

: o] et & AR 1. 2%/ "ot Y X3 (Motion and Volume)
A7) TEA4FH3B0~70 %) A WAMAS ZAFEF O, 3 S50 % AT G 60 % $14FOlA
mm/3 %, ZIHETE: 95 % 7] & B4 247ko] gA7719] Bt A9 2343} Z(Superior—
Inferior, S-1) W&Fe] <=7k 24> —0.006+0.002 cm,

AN
HRZRe ©-= ] 09894034 cm o2 Ao AT

Table 3. Volume Measurement of Inhalation and Exhalation Phase

Patients # Phase Rt lung Lt lung Heart Esophagus Spinal cord
Volume(In’) (cm?) 1616.3 1317.4 737 4 36.7 22.0
Patient 1 Volume(ExT) (cm3) 1222.3 1003.8 721.0 36.6 234
Change Rate (%) 24.37 238 222 0.27 6.36
Volume(In') (cm?) 1687.3 1292 4 717 4 27.8 245
Patient 2 Volume(ExT) (cm?) 1423 .4 1077.7 637.5 30.4 245
Change Rate (%) 15.64 16.61 11.13 9.35 0.0
Volume(In') (cm?) 1315.4 762.4 8229 327 13.9
Patient 3 Volume(ExT) (cm?) 1103.5 702 .4 805.3 339 15.0
Change Rate (%) 16.10 7.86 2.13 3.66 791
Volume(In’) (cm?) 1199.7 1356.1 1033.9 32.1 20.1
Patient 4 Volume(ExT) (cm3) 871.5 1045.0 997.0 33.1 20.1
Change Rate (%) 27.35 22.94 3.56 3.11 0.0
Volume(In') (cm3) 2201.6 1761.2 922.1 39.4 26.3
Patient 5 Volume(ExT) (cm?) 1852 4 14497 837.4 415 26.3
Change Rate (%) 15.86 17.68 9.18 5.32 0.0
Volume(In’) (cm?) 1277.0 1158.8 951.7 27.6 17.2
Patient 6 Volume(Ex*) (cm?) 1045.6 995.6 860.8 29.5 17.2
Change Rate (%) 18.12 14.08 9.55 6.88 0.0
Volume(In) (cm?) 1074.3 1774.9 955.7 35.6 212
Patient 7 Volume(ExT) (cm?) 714.4 1188.2 879.9 36.4 212
Change Rate (%) 33.50 33.05 7.93 2.24 0.0
Volume(In') (cm?) 1479.1 1008.5 802.7 22.0 247
Patient 8 Volume(ExT) (cm3) 1262.5 873.6 740.2 25.8 247
Change Rate (%) 14.64 13.37 7.78 17.27 0.0
Volume(In’) (cm?) 1374.2 1077.5 546.5 23.3 213
Patient 9 Volume(ExT) (cm?) 1129.2 867.0 510.1 25.8 22.4
Change Rate (%) 17.82 19.53 6.66 10.72 5.16
Volume(In’) (cm?) 1811.3 24902 704.5 60.8 37.6
Patient 10 Volume(ExT) (cm?) 1506.9 2054.8 7189 56.2 37.6
Change Rate (%) 16.80 17.48 2.04 7.56 0.0

‘Inhalation Volume, TExhalation Volume
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(Anterior—Posterior, A—P) W3Fo] %4718 A= 0.002
cm, A7 AR 0.15140.1 cm® SAEQIc} ot
(Left-Right, L-R) ®&2] #4712 2= 0.001 cm 45{4
e A% 0044007 cm2 SAEIC e PAR7] 9
= W5k A&Hkel =HIeko] sHtgke 7171 (0.632+0.378

J{Nv

4

m, 0.077+0,08 cm, 0.14+0,03 cm& Z4=|]c},
aH AR ZAL 77121 30~70 % ATl HAE719)
Bt AU S48 & 9P JJ%A% 4= 0,06+0.04

g
ko) SRS A 0013001 cm, HIGS 23

=5 TR0 % H”ﬂr Us 317101 60 % SJAke] 82
of A1 A} Jr~ A7} Bt 24.35 % x}o]; 7V =
o

A7} Bt 372 % Aol = 7P 2 ws)

f

Fom, a7l Bt 0.31 %2 Zpo| = 7p Ao W

s}

1]

Ao A= %5
&5

SH8-S BTHTable 2).

Table 4. Comparison of Cl and HI

2. MHREX|S
of Cl, HI)

)|_
>
0z
oﬁ
>
>
3
B
(@)
(o)
3
o]
o
»n
(o]
3

1}0]7} 0.011% 7};4 x}omuq 34, s, 794 ARATEFA

4= 12 Zpoli= 00f] 717H9] Zfol7k AL fiolet. = 71119
*d%kréﬂoﬂ*m Akt AR 4= 3] Zpolo] k-2 0.031+
0.020]9.0H, ARPARFA|S 7ho] Z}o]] et 0.004%)
THTable 4),

3. MAM%7|9| MzFH|m(Comparison of Normal
Organ Dose)

AR B A Gol| 4] 321 AeFg7tet 431 A7t
O] vl AT} 9F2& H|9] MLD, Vscy, Viosy, Vaoy2] B71A]
Fo)A Z2F 2 2,319, 0.803, 0.646, 0.533 %, 24~ 0.0
%, 0082, 0.137, 0137 %2} x}o|7} BhYslom 7+ X%
2po1o] kL 14,047,009, 1.32 %= 1EQIT), 4149
MHD, Dinas, Vaoey 2] H7FA 38004 212 o 1,62, 1.11,
0.34 %, 24 0.994, 0,505, 0.005 %2] Z}o]7} B3I
o, 7} A3 2}o]9) F-L 1,66, 1.09, 4.11 %= AL
o}, ESh A0} H0] Diat= 242F 2] 2,697, 1.643 %,
F|2~ 0,486, 0.043 %7} HAIsEl o, A|3£9] FAol=
247 1.2, 043 %= B} (Fig. 4, 5).

e 3-D Evaluation 4-D Evaluation Difference
cr HIt cr HIt cr HIT

Patient 1 0.954 1.063 0.969 1.065 0.015 0,002
Patient 2 0.925 1.077 0.956 1.076 0.030 0.001
Patient 3 0.959 1.062 0.971 1.073 0.011 0.010
Patient 4 0.858 1.115 0.899 1.115 0.041 0.000
Patient 5 0.923 1.089 0.945 1.089 0.022 0.000
Patient 6 0.910 1.096 0.956 1.099 0.045 0.002
Patient 7 0.917 1.100 0.938 1.101 0.020 0.000
Patient 8 0.889 1.100 0.924 1.098 0.035 0.001
Patient 9 0.959 1.057 0.972 1.078 0,012 0.021
Patient 10 0.823 1.116 0.899 1.115 0.076 0.001

‘Conformity Index(CI), THomogeneity Index(HI)
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Table 5. Comparison of 3—D Dose Average(SD") and 4-D Dose Average(SD) (n=10)
Lung 3D Evaluation 4D Evaluation Difference (%) t p-value({0.05)
MLDT 1106.83+242.2 1122.574234.8 1.40 -6.73 0.00

Lung Vsoy 51.08+10.6 51324107 0.47 -5.86 0.00
Lung Viecy 35.76£7.3 36.09+7 .4 0.90 =723 0.00
Lung Vaocy 21.34+54 21.63+5.5 1.32 -7.13 0.00
Heart
MHDT 1012,95+394.1 1030.06+399.6 1.66 —7.42 0.00
Dmax 4299.68+717 .4 4347 43£719.8 1.09 -8.14 0.00
Heart Viocy 7.92+6.5 8.261+6.6 4.11 =5.10 0.00
Esophagus
Dimax 4418.93+609.7 4472.63£611.2 1.20 —6.01 0.00
Spinal Cord
Dinax 2433.29+601.0 2443.83+£602.8 0.43 -2.26 0.05

‘Standard Deviation, TMean Lung Dose, TMean Heart Dose

Table 6. 4-D Gamma Pass Rate (Unit in ratio : %) = el B8719) FrES Adrgstel 8447719
O z]oly} Q AHD S} P77} o]F2o|H o AEHS
Pationts # e o Pationts i Gamma Pass ™= DJ’]' o ‘_Q—Oﬂ v 7o ]' ]’ ]T S D%, [e] Q’
Rate Rate o] A=A tig £40] g1 o] FojFir
Patient 1 99.8 Patient 6 99.2 a1 94 CT9AH(Top Phase CT image)oll +HE A
Patient 2 99.5 Patient 7 96.4 FAZL AZre] 3 E2AA CTAAH3E0 %, 40 %, 50
Patient 3 9.3 Patient 8 2.5 %, 70 % Phase CT image)oll &-85}0o] AAA7]2] AlgF
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4-Dimensional dose evaluation using deformable
image registration in respiratory gated radiotherapy
for lung cancer

Department of Radiation Oncology, Seoul Asan Medical Center

Um Ki Cheon, Yoo Soon Mi, Yoon In Ha, Back Geum Mun

Purpose : After planning the Respiratory Gated Radiotherapy for Lung cancer, the movement and volume change
of sparing normal structures nearby target are not often considered during dose evaluation. This study carried
out 4-D dose evaluation which reflects the movement of normal structures at certain phase of Respiratory Gated
Radiotherapy, by using Deformable Image Registration that is well used for Adaptive Radiotherapy. Moreover, the
study discussed the need of analysis and established some recommendations, regarding the normal structures's
movement and volume change due to Patient’s breathing pattern during evaluation of treatment plans.

Materials and methods : The subjects were taken from 10 lung cancer patients who received Respiratory
Gated Radiotherapy. Using Eclipse(Ver 13.6 Varian, USA, the structures seen in the top phase of CT image was
equally set via Propagation or Segmentation Wizard menu, and the structure's movement and volume were
analyzed by Center-to Center method. Also, image from each phase and the dose distribution were deformed
into top phase CT image, for 4-dimensional dose evaluation, via VELOCITY Program. Also, Using QUASAR™
Phantom(Modus Medical Devices) and GAFCHROMIC™ EBT3 Film(Ashland, USA), verification carried out 4-D
dose distribution for 4-D gamma pass rate.

Result : The movement of the Inspiration and expiration phase was the most significant in axial direction of right
lung, as 0.989+0.34 cm, and was the least significant in lateral direction of spinal cord, as -0.001 cm. The volume
of right lung showed the greatest rate of change as 33.5 %. The maximal and minimal difference in PTV Confor-
mity Index and Homogeneity Index between 3-dimensional dose evaluation and 4-dimensional dose evaluation,
was 0.076, 0.021 and 0.011, 0.0 respectfully. The difference of 0.0045~2.76 % was determined in normal structures,
using 4-D dose evaluation. 4-D gamma pass rate of every patients passed reference of 95 % gamma pass rate.

Conclusion : PTV Conformity Index was more significant in all patients using 4-D dose evaluation, but no sig-
nificant difference was observed between two dose evaluations for Homogeneity Index. 4-D dose distribution
was shown more homogeneous dose compared to 3D dose distribution, by considering the movement from
breathing which helps to fill out the PTV margin area. There was difference of 0.004~2.76 % in 4D evaluation of
normal structure, and there was significant difference between two evaluation methods in all normal structures,
except spinal cord. This study shows that normal structures could be underestimated by 3-D dose evaluation.
Therefore, 4-D dose evaluation with Deformable Image Registration will be considered when the dose change
is expected in normal structures due to patient’s breathing pattern. 4-D dose evaluation with Deformable Image
Registration is considered to be a more realistic dose evaluation method by reflecting the movement of normal
structures from patient’s breathing pattern.

»Keyword : Lung cancer, Respiratory Gated Radiotherapy, Deformable Image Registration, 4-Dimensional
Dose Evaluation
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