» 2 AN«

ISSN 1226-2854

SZE Yol MSYAMZIEA HHEBYHES 083 BME B}
-T

he Evaluation of Composite Dose using Deformable Image Registration in
Adaptive Radiotherapy for Head and Neck Cancer -

ST I SANS Y - 2

— IExE —

- SHWAPA R F(adaptive radiotherapy, ART)A] 2

A A g T gmle] SR
< ulmaslel ] ool Qlu gk

20113 59 15F 2012 79 31971R] AR 2
g ) Tl AFTRE T FF71Y] W3, A

A2 dpgos sl

HEFFIRE ol8sto] A APl thet T4 Jd=2le] TS I58 5 e, dd ]

[€]

27190 2RE ghalElolzl Mekake] BlaoA] 31e1E(48.95+3.89 vs 49.1013.55 Gy), T-4(36.9314.03 vs
38.9745.08 Gy), ©l8}(35.71£6.22 vs 36.12£6.70 Gy), B#H(18.41£9.60 vs 20,13%10.42 Gy)ollA] =}
olo] As HIrh HIHAPIA|EA| HE T ol = Tl XsAg o R e rkER

Aegle] frefdh Aolg BT 4 glom, Tk cr

P A A% WHBIIT o TIN

gse Ful Azl o) B} 3AF WPt Fsd Aow AwEt

3d HOl: HrpdAs, HAIRE, AFAH sl mE1H

HFARA ] & (intensity modulated radiotherapy, IMRT),

* (20139 5¢ 109, 12} AAMY(2013 8¢ 99, Y (2013
8¢ 30%)
WAL 244, (609-T57) FARFA AT BT 3% 3% 9wl
RAlEegsta B ATsos: Akl
Tel : 051-510—0582, Fax : 051-510—0588
E—mail : sskang@cup, ac kr

AFAF S HIALA X H (image guided radiotherapy, IGRT),
A L) A A H YA X R (stereotactic body radiotherapy,
SBRTIE 1 o2 5 4 ), 1we] Yeo] s
|7 HRPAAR B A HHA RG] B 2 244
& (conformity)S =o|HA FH AARZA S BHEF
q3at 4= Qe @yl

2| =832 A A (planning target volume, PTV)

0 S
i
by

rE
AN

o
)
=

o] offuixlo] Zrhs Hib WAPRZES olgdhs AR
o] B4 BhAjollA] 7]Qlshs eal7} WA wjis A5
ol HAMAR Rl wla) MeFrae] & Wal} uhys)
A e, o= 2 xaAne] £A I JIFS A7
HAP? AR7IZE 5 BAlA 7)leke ealRE A 5A)

- 227 —



uhp7]&388t Vol. 36, No. 3, 2013

Aol el &

o AE Ak, B % AgAel )

=2 ¥ 3
58 o & 4 . ol ufeh Juf A
sefor Am Al AASh B 0 wAe 9
B SH91siof o] w9 S AR B st
7 ASARARE AR S WS Bpel
WSS Sjlshy] Sls) CTE HEslel wake AnE

A zA g “J%‘@EE’H i]fﬁ'—-ﬂ e w=olaL, 2
of wshz e W -
S X]Eﬂ‘ﬂolr’}g) 5%]“} A7:717F Foll CTYdol
A wet A A gt detreer A4
ZZ)o| gt A=A A S| A~E 13 (dose volume histogram,
DVENS 2153 4= QIglew], T2 oIs) 8 Az
i3 geket @Ak Hrtol Agte] A, AAA
Samage ARARS Wole] 9 P mageln
Hegh o s ARBEIL QLo o] XA Aol
Y SHMEeR ABEolRl AHd FopdolsE
(tumor control probability, TCP)I} HAZZ|&IHSSH

0\@

E(normal tissue complication probability, NTCP)<
BHryak 2 Qupoty,

B QTOINE HSWAARA 0 PR
A3l AN HrIE Q3 WY GAAGHdeformable
image registration, DIR)Z ©o|83}o] A =ik

e ARG N OlLEe A5S, ol
Hfgow o] HAmA] et Hwre sk Eet
ASPAAR AT A24e] B ARAS 0 2 T
Farelofrl At HlIEAS Sk o whE Ak o

olg nasinA s,

Al Ol HpeH
O x Od

2011 5¢ 19E¥E 20129 7€ 317X AAFe] WY
oI A $oR N YAEYAR E A0
BHARE g SiEE dgos s Aw

xo] 7] wisie} Zo| FXIA
A A AR
AR 157 0] BAS tALoR TR 2AS AU

A 2R ol AEgt WA RE flsf
A 1A A2 FAHEE vl i (base plate, Uniframe,
Civco Medical Solution, Kalona, IA, USA) ¥ &7}4
4 B vhARE SR, B3 ol SOl AN
=  $8iA headrest (Civco Medical
Solutions, Orange City, IA, USA), Alpha cradle

Silverman

(Smithers Medical Products, Akron, OH, USA)2 A}
ST, B & 1Y B Bl Wl viade] 9
A T e felel 74 W) AMES e,
AArs G2 R olx) & 7| (Brilliance big bore CT
scanner, Philips, Netherland)& ©|-&3}o] vl&2 F=&(9F
242 Ao Fie] HARCZYE JlE 71374
o W FAR U S ASS 39HEY
A& (gross tumor volume, GTV)E MRI, CT, PETo|A]
sebHen Rus Pash WEe Egegen,
FEZA A% (clinical target volume, CTV)-S SQFAZokA|
ZoflA 0.5~2.0 ecm®] o5 Zjtetal, setHow
ZHe =R ARE v RS E3tstar Qe 7HsAdol =

O I
A 3~5 mmo] AR{E F
0 ARANEANAL AT AR A
E,Q(Echpse ; Varian Medical System, Palo Alto, CA,
USA)= ol-gste] 32k o= AHAdste] dAl=F=
AR B AIZIREAIA R AlgS ARSI
PAEFIARIA R Aol W72 (weighting), 17
¥, Zdvleld 7%=, ¥ 2% ool (multi
leaf collimator, MLC) 52 ZAslgon, A7|HZHA}
AR gAo= AR AE(inverse planning) ] AlZF—A)
% z]A3}} 4 (dose volume optimizer, DVO)S ©|-&35}
of AZAol: Haste] M) ZAE 4 YR 3
et ANSRANE] MF Hoh el 414,
-5%2] W9lo] E=% ICRU A1 Z**}Oﬂt}m
S 9 S A s
3lal 6 MV A8 71:7](Clinac 21EX, Varian Medical,
Systems, Palo, CA, USA)E o|&3dlo] HAMIZRE A
A= ol AT Has Hol drkaAniia
o] SEY 1FYS 7T 4 fle BE CTE/olA
SUAFSA A Fart 2lEs Aol ASHAN

=

K orlo
)
O
ok
i
=]
:(I)_l_%
u&
o¢
iy
)
U
2

A= =3t CcTgAel sl A WA A=A HApet Y
gt o AR AgS sEstom, et
AFE71E 98] DICOM RT A9 dxzjo) wat #3kst
Jl? . HEFGAAHES $JFl MIM maestro 5.4.7 (MIM
Cleveland, OH, USA)2 Algs}iom,
et 712]&L intensity—based free—formZ ARRdlo] -2
AR & H9-0] CTEAS A8t & A AgA
ol gk A At s AEsGlth(Fig. 2).

software Inc,,

- 228 —



2 390) AP HIYIIS olge B

o

o

E

okl

7}

Fig. 1. Example of changing tumor during radiotherapy for head and neck cancer,
(@) Computed tomography taken at treatment simulation (first CT)
(o) Computed tomography taken 4 weeks into radiotherapy (second C)

Fig. 2. Example case of a 64-year-old man with T4NO tonsil carcinoma, The top images are from the first computed
tomography(CT) scan, and show the isodose curves obtained from the first intensity-modulated radiotherapy(IMRT). (a)
The middle images are from the second CT scan(at the same level as in the first CT scan), and show the isodose
lines (b) The bottom images show the second CT scan, and show the isodose lines obtained through deformable image
registration in total dose (c) The second CT scan was obtained after 27 fractions of treatment and after a 10% weight
loss from the start of treatment,
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Table 1, Clinical characteristics of enrolled patients
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Indication for

D Age/Sex Clinical stage Stage Primary site TD (Gy) second CT scan
1 58/M 111 T2N2 Tonsil 70 Weight loss
2 62/F 11 TIN2 Tonsil 60 Tumor shrinkage
3 64/M il T3NO Tonsil 66 Tumor shrinkage
4 58/M 111 TIN2 Tonsil 66 Tumor shrinkage
5 63/M 111 T2N1 Tonsil 70 Weight loss
6 61/M I TINO Tonsil 66 Weight loss
7 58/M 111 TIN2 Tonsil 66 Tumor shrinkage
8 56/F v TIN2 BOT 66 Weight loss
9 59/M I T2N1 BOT 66 Tumor shrinkage
10 68/M v T2N2 BOT 66 Tumor shrinkage
1 60/F 11 T3N1 NPX 70 Weight loss
12 47/M 11 T3N1 NPX 70 Weight loss
13 63/M 111 T3NO NPX 70 Tumor shrinkage
14 65/M 11T T3NO OPX 70 Weight loss
15 64/M v T4NO Oral cavity 60 Weight loss

ID = indentification number; M = male, F = female; NPX = nasopharynx, BOT = base of tongue, OPX = oropharynx

TD = total RT dose to gross disease
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Table 2, Weight comparisons

Mean weight (kg) Mean %difference
1st CT 2nd CT Final day 1st-2nd p 1st-final o)
n=15 65.70£16,17 61,33+14.71 60.50+14,74 -6.47%3.11 .000* -7.731t4.18 .000*
n=8" 64.39+9.13 59.10+8.,06 58.08+8.40 8131256 -9.76%3.46

1st CT: weight at first CT acquisition, 2nd CT: weight at second CT acquisition, final: weight at final treatment
Patients who underwent adaptive radiotherapy due to weight loss, ("p (.01)
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Fg. 3. Weight changed between the first CT(1st CT) and second CT(2nd CT), the first CT(1st CT) and final day by box plot

n=15: total enrolled patient, n=8: patients who underwent adaptive radiotherapy due to weight loss

Table 3, Comparison of changes in the volume of normal tissues between the first CT(1st CT) and second CT(2nd CT)

Volume(cc) o/
1st CT ond CT vedifference P
Mandible 87.36%15.45 86,41£16,16 -1.23+4,12 NS
Oral cavity 94.92130.92 97.19%31.12 3.421+15.46 NS
Parotid gland 22.87+8.77 17.32+6.43 -22.201+18.79 .001*
Spinal cord” 44,96%15.07 44.89%15.75 -0.62+4.16 NS
TM joint 7.63£2.70 7.58+2.64 -0.41+2 89 NS
TM joint: temporomandibular joint, NS: not statistically significant
+Range of contoured spinal cord is from 1st cenvical spine to 6th thoracic spine, (p <.05)
qgAA R AFe] PYRY A wshe sl MFPPITL olgatel BSHo Yz el 3
—1.74%, F7F 3.42%, o|dld  -22.20%, H4A7A AeFoe. lokg 49.10+3.55 Gy, 7 388.97+5.08 Gy,
-0.62%, ETE -0.41%%2 UEET F oA shef o5t 86.12£6.70 Gy, A417 31.42+5.89 Gy,
T 77, B, Habdo| ik HF wste] gojst 20,13+10.42 Gy= VrERTE E3F 2-3AA R A

Aol Selg 4= gont olshiY AH ot WS §

RS HA
oI5} z}o]& FelEk 4= Q) THp< 01)(Table 3).

]
=
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o= lerE 48.95+3.89 Gy, 774 36.93+4.03 Gy,
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Table 4, Dosimetric comparison of mean dose between SMM and DIR

Mean+SD (Gy) ,
- Y%difference o]
SMM DIR Difference

Mandible 48.95%3.89 49.10%3.55 -0.15%+1.32 -0.22+2.76 .047*
Oral cavity 36.9314.03 38.97%+5.08 -2.05%2.57 -4.8614.43 .008*
Parotid gland 3571+6.22 36.12+6.70 -0.41+1.11 -0.93+1.79 049"
Spinal cord 31,531+4.94 31.42%5.89 0.11£1.91 1.13%3,52 821
T™ joint 18.41%9.60 20,131+10,42 -1.72%+2.01 -10,10+4.56 .005*

SMM: simple mathematics method, DIR: deformable image registration (p ¢,05)
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Fig. 4. Dose difference between simple mathematics method(SMM) and deformable image registration(DIR) according to
the volume, Data are presented separately for the (a) mandible, (b) oral cavity, (c) parotid gland, (d) spinal cord and (g)

temporomandibular joint,
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Chul-Hwan Hwang“? - Seong-Jin Ko” - Chang-Soo Kim”? - Jung-Hoon Kim? -

The Evaluation of Composite Dose Using Deformable Image Registration in
Adaptive Radiotherapy for Head and Neck Cancer

Dong-Hyun Kim? -
Seok-Yoon Choi” - Soo-Young Ye” - Se-Sik Kang”

l)Dept. of Radiation Oncology, Pusan National University Hospital
2)Dept. of Radiological Science, College of Health Sciences, Catholic University of Pusan

In adaptive radiotherapy(ART), generated composite dose of surrounding normal tissue on overall treat-
ment course which is using deformable image registration from multistage images. Also, compared with
doses summed by each treatment plan and clinical significance is considered. From the first of May, 2011
to the last of July, 2012, Patients who were given treatment and had the head and neck cancer with 3-di-
mension conformal radiotherapy or intensity modulated radiotherapy, those who were carried out adaptive
radiotherapy cause of tumor shrinkage and weight loss. Generated composite dose of surrounding normal
tissue using deformable image registration was been possible, statistically significant difference was showed
to mandible(48,95+£3.89 vs 49,10£355 Gy), oral cavity(36.9314.03 vs 38971508 Gy), parotid
gland(35.71£6,22 vs 36,12£6.70 Gy) and temporomandibular joint(18.41%9.60 vs 20.13+10.42 Gy) com-
pared with doses summed by each treatment plan, The results of this study show significant difference be-
tween composite dose by deformable image registration and doses summed by each treatment plan, compo-
site dose by deformable image registration may generate more exact evaluation to surrounding normal tissue
in adaptive radiotherapy.
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