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Abstract

In current practice of thoracic cancer radiotherapy, the difference in
pulmonary function was not considered when generating treatment plans.
Lung volumes are deemed equally when placing radiation beams in
planning. The primary purpose of this study was to evaluate the radiation
dose of IMRT treatment plans on highly functional lung volumes by
incorporation of functional lung imaging using 4D-CT for thoracic cancer
patients. Eleven patients who had non-trivial but stable respiration motion
and were available for 4D simulation schedule received 4D radiotherapy
simulation and were included in this retrospective study. With
deformation calculated by deformable image registration among 4D-CT
image sets, pulmonary ventilation can be defined as the fractional volume
change in respiration. The 3D dose distributions of IMRT plans were
overlapped with the 3D ventilation distributions and analyzed. The
ventilation difference of the left and right lungs can be seen on the
corresponding ventilation image. Lower ventilation around lung tumor
region was also observed. For the cases of small target volumes (planned
target volume < 400 cc, 6 cases in total), all Vs(%), V,0(%) and the mean
lung dose (MLD) values for the highly functional regions, top 20%, 30%
and 40% ventilation, were lower than the values for the total lung. For the
cases of large target volumes, two out of five cases had higher V(%) and
V10(%) values for the highly functional regions compared with total lung.
The present study has demonstrated the evaluation of radiation dose of
IMRT treatment plans with incorporation of functional lung imaging
from 4D-CT for thoracic cancer patients. Radiation treatments affect
functional lung volumes more seriously on larger tumors than small
tumors. Thus it is more critical to arrange radiation beams for functional

lung sparing for patients with large tumors.

il



Key word: Functional Lung Regions ~ Deformable Image Registration ~
4D-CT

v



it

PEk it WP A G S g St R MR - B - B4R

fh—
o

3B D 2F S s ekt o vy B v 331‘1:’\;r.\»¢,,¢+(;
[ NI L5 E3RCES EI

\_‘\;}

Bt RREHEA RS BARF S A P Bl AT RS 0

AR A L R R R K LfRR I

FARFRE R ST - L NA s TR T A ATRE 1 1Y 53R4T
B PR X A BiERY BY AL LS M X A
;Z 2 B ¥ oas b & & ATt REN S BAELT S A RS RS AR
[ PR KRR R A ey SRR T R Rk X
A s KA RS TP R AL © AR - SR
AP S E RO E S EARNA - A - X RE L T hRR R B
PRFEFHRF AR SRS O R AN s
PEFCREAS A E 0 AR L E R R L PR fr iR
Boad AR AT JAB s B Y e AR LR B RUE- 3 B A
¥ ﬁ_ﬁi}l\ lé?fip\ rrJFn,)E‘('fr' K NagEy y R S — 2
THRFROLERFL PR RAG 0 FF L DFEY 2
BB PRI L RREHB LG FE O REAFL R
SAE R RS S Y S L R R R R L
B ?ﬁﬂ& —$iﬁ¢%a~k&*fil'%ﬁﬁﬁ%?ﬁ
EhvZHo Rt HY T ka2l R R REHSELS &
&ﬁ%#kmﬁﬁ%ﬂﬁ?%ﬁﬂﬁn$%ﬂ*@§?ﬁ%f

¥~

ko,

N

bl

=5

)

2

R ARET S R B BTN R BRI S TRk £ I AR B o
pp B3 H B PRFEE Sy % §E Ko FE
ZR7 BY ks FLEHHEPTRIERR I G4 i



P ZIRAF IR ERE S FRE S #F] Az R2

g %ém , g@ﬁ%%%ém}% HA4oiw BFE Contour~ ¥ 7 R Agprins — B
Contour i Fi & 3% > 24 4o i i 0] 7R ¥ #2-F & m?ﬂ‘i” E driw
BB TS 2 AR A Y SAp M Tk i § ARG AR
H mfﬁﬂ?~ 1iFkE =% Fiva: (& — EFE 0BG - BB OB o R

FerhagE - o wd g g A BRI o BRI  Row

BT R ERHASB R F5 T RS

s
Z
y
A=

FAARENEBFL RS NALDR S A DT E AR AR
FenE PR A UL P A A R ARE AR GPRLLS Adox
LA PR AR L FAR S FA A R 2 EE

AP FERE, FARERS ORKOEATREIE XD
Binoulkp Geajpiz p

e MR S RIL et

udi]

fim

oA e
e [N

[
[e]

TR ECH T SLIRA G DR

Bofs o Mgt 1}?&.2@5“ BB R A P o

Eiee
;

Peo

AF 101 & 3 ?

vi



P&

%z 5|
g3 1 DRI o ¢ I oorsu OO arve. it 400, SURERRRRRRURRRURURURURURRRURURURN X
3z 3| %
EA - R TR O SRR B e, R X11
A4 > 2 S
— T kA 1
_q.- E]\:HTJ ...............................................................................................
LD () VRN, R | il (.
12 =7 pen 6
. ERLAIEIN. I 7Y S, SO 6 Y € U
LA > }—, m E't: S };% 2 - 8
_ -q— E!/:.—,—': % F j éﬁ ..........................................................................

20 35 B IR AT BT oo 8

22 IR RID oo 13
23 HEIGET R IR B oo 18

2.3.1.ICRUNO.50 BLAR 2 oo 18
232 ICRUNO.62 BLAR 2 oo 19

24w HE GERAFE RID oo 21

vii



TN 0 X ol A A Y 21

2424D-CT B b RA 2 % 5 il B CRBE e, 26

5= T BT S 0 e 27
31 F2B B OL T FT B ot 27
3.2 AD-CT £ B3 it 29
3.3 BETHIETT oo, 32
33130 5 0E e ppm——c e ee s eeonenaenensesneneneeseseasnenes 32
332 B BRREAE B I 2B s 35
CICTCILLETIE 3 ;. 2 Sl sl 0 S 37

34 R E ARE LR EFREREL LRV EEETR 40
34105 AR E A LIHEE e, 40
B3A200 R PR HMEMA I ZE B HLF s 44

343 MBI HFE B E R e 48

3.5 B HL TTAR oo 51
FE R T BRI e 53
41 12 AD-CT 8 5 s B2 5 2 80 B2 e, 53

lf“lﬂ

42w AR SN IMRT 35 3= & & ¥ 5% 40 7 % 45 53]

43 BHAEIMRT (o4 V.S # L IMRT io et d o 64
43 1R RN R 356 o 67

viii



.70

.76

€

R

n

w7

-
Lol

.19

...88

ix



¥ 52 ® H ¥$ ®H H H HE$ ®H H F§ F H H FH FH H

1.Web of Science < )I§ B8] e 4
258 B A ATET LT IR B oo 10
B3IMRT % 2 M5 & B 77 B BBl e 11
4 Beam’s Eye View 77 & BBl. coooioiiieiceeeeeeeeee e 11
5.9 F B S T E IR T 2 e 15
(R LR O O e 17
7.ICRU Report No.50 ##7%; £2 REAF 1 E 38 e 20
8.ICRU Report N0.62 "85 2 BEAF N Z 3 oo, 20
0.CINE MOAE 35 7 T30 e ettt 23
10.Helical Mode 35 0 B30« oottt eeeee e 25
L1 AD-CT 430 8 B ettt e ettt ettt e et s rreseeresesae e 31

12,70 B 2 T5CHE TR % B ettt 31
13,5 SREAE S 1 35 B oo 36
14,25 582 B2 3 T o 39
15,85 BE P 30 5 B2 e ot 39
16.8 7 FET T EBE T RB e 47
177525 35 BB T BBl oot 49
18.% 2 S 2 ”f# A B oo 52



¥ H = ®H H #H =

19,72 AD-CT % B A2 W 55 50 25 B oo 55

20. 5 41 IMRT 55 3+ % -1 PBB 5 D1 & #5507 % BIE 57
2184 IMRT o3t d -~ PBR ] B 7% 7 it % R BLE ... 58
221 Mg bl S HEE IMRT Jp 3 F 9% 300 £ 53t € XL ......63
23.% MR G S HEE IMRT 30 3+ 3 9 308 £ 563 B 15 . .....63
24 B IMRT i5 3+ 4 V.S # i 12 IMRT o f 3+ 4 4 #......66

251 Fi A g bl S AL IMRT i 5 V.S # i 12 IMRT o B 3 &
W A R R R BE ] et e 75
26.% # R | S HAE IMRT (553 % V.S # 4 12 IMRT ia % 3+ &

T IRA B TG LT E PRl e e e 75

X1



S
R\
LS XY

Fo LTRA B O] FALELT: L s 28
Fo 2,00 S SIS B4 LRSS R R R 2 RE 42
Z 3G b n R b K A R AR U 43
# 4IMRT B i 1 BB A T 2B o 46
# 5S-G HM IMRT iR & 308 B 326 535 4 60
% 52 %4 IMRT ip st & 308 B 32 St £ (KA 5-1).. 61
£ 6.4 IMRT 755 3 % V.S # it f IMRT i3 %3+ & #3715

....................................................................................................... 69

S

7-1L5 AL IMRT ia 35 & V.S # i 42 IMRT in e 3t & 587 % &2
B F AT B B B A B 3T 0B e 71

7-2. 5% B A2 IMRT i 3 & V.S #4 i 42 IMRT Jn o 34 & 58 % % &

S

r’g L3S 2 Hb i Spi&-ﬁ’f’f‘f' 'g_; TE' (’1'\%\' 7-1) .................................... 72
%8BI IMRT /o3 & V.S # it L IMRT (53 H 1 ¥ w5 2 3

B IR B 20 o 73

Xii



¥-F

iy
‘%;;

1.1 =3 %3

W2t R R A - BEAFE S Fapd B Ak 2

DA AR FEATOL1008 WA L 2 F L F L B

7 (& b’L’r”ﬁ = A Bee28.0%) 0 100E L 4 A B Br o { £457 F ? .
FOEAR R E G R E N RER[2] o R R s

DRt K’/f ief e A Y- gy o 4P (Early Stages) £ :f5

R RS R Y S 2 MR SES AR Ll

2| DA G O e ST Ch - A D R f 7

/ﬂ

PR
82 e B ORI B & - IR S e AR
AR o SR A - FAZER N e B RN X AP RAT IV B
T TR R BB IEY SR A - A ISR e (S
A2 A ige AR E i o e f AR e R R A

R IR R RO T S A LR D @A
ALY 7 2 01970 i P %7 A (Computed Tomography; CT)
2re BNRIP 3 N S il £ WL S Wi - - &/ N - TR - g2 g2
W od @A S M S o LR R ] = MO A 3k S o B

(3D-Conformal Radiotherapy, 3D-CRT)~i& @ 3 & | 5 & 34 4573647 5 R

‘Er

# it (Intensity Modulated Radiation Therapy, IMRT) » /5% 373 4-% o
FH R e FIRR SO W S R e A BB RR RIS
RS AL T SRR -

I R R PR B S Peid o SRR B s EP T 4D
AN S R DY) Ol S = N A %%5‘? LIRSS 1-3, R A



% #%& & "84 41 5 (Tumor Control Probability, TCP)f: "% 4 & ¥ e 3 %
BAERE IFHAE > MRS A4 B g e e F (Normal Tissue
Complication Probability, NTCP) o e §_$$3% 99 92 % B3 b5 % 0 B ik
BB RS ICRAL R LA O B AT e R
(Tolerance Dose) ¥ £ *XFI[3] #7024 ¥ ¥ 2 p & & dmHE & 0 § o
A AL A F 2 BPT fre b Rk SRR e e R R WL
it v - S e SR 2 F A LR B (Tumor
Margin) 2 % Fl® # 258 > £ % Q8T WP R o & F %2
$ith (e | IR MR ~ # i M BB (e - ¥
@ FPEDE § W%k BT e T hm s

& ¥ 45 SPECT~ 1 +

(Fusion) > #a 5 "B % &+ § %4 r]&g#l%] v Hd o, A E.T‘él« e1E
HAHEYE G o LRERR g%‘« s - B35 3 0B F (Uniform
Organ) » 4 if 4 HIR A U] Sl - % PO B o chifg 0] £ > 40

W ehafg ShA B 3R G A IR T B i SRR A F 0 A 12 5

WEK R~ BAF 22 2L JT % (Non-Homogeneity) it B¢ > § 7

uf;)?; Ko W~ FES A WL B AT R A ﬂ‘rl::}%.;’ﬁ;f];;&s#
SRRV RAA] ) S FIA NG TR ERAIE S LR R
DE L PR okt SERE NS EY S S £ T

W

34

st g2 52 AP LR T E IR i SR E &
BRI A F 1k B RR[S] o e Bl iE e R

RIFEIRH IR G R ENRBPEAERE AT PR DR

rn;;

15 b 15 T T8 v R "‘IF/T/‘;'I%‘}}%%ILFL FxEd Beho

2



WAERARE I URH N ST A MY TG B e
* 2 ik & K Ao (4o B 1) 0 Web of Science ¢ #§ fEWOS » 5 1997 # & >
d % R Thomson ReutersiE ¥ 2_ "2 e ftix 5l * v}gki? SIFRLRE & e
BII(A) = & &5 Mo s Pijorrd 27 L~ 0 p 2007 ’514"1“,53
44505 1 b cnf dc BIB) S 5 B P @ me sl chsidce o 0 7
FeMAE R G R AR A i E Tf%‘fﬁ' GFTE B RAL o ¥ ¢k 3T
EERFRSMISRARMA P 3 S R e 27 A
eSS R R €7 DR E (ke | MRDA i3 F 8 i (e
Scintigraphy ~ SPECT) ~ & + ¢ 8 (4w : PEDE B F i » &3
: B2 j(Functional Image) » @ (T st Bin g3 F > 7 B ALR 9% &
R EEBERASADNR LS FFHAER RES 2 EL R EFR
R BRI ERR FESS F M R R
BT L g B A B PR S Se Rk (At P OPRER M g (B R e
BSHGL R RRFEF L O MNHERRFLLFETE 5 FS
[4, 7- 20, 26]



Webh of Science®

<< Back to previous results list

Citation Report Topic=(functional lung)

Refined by: Subject Areas=( RESPIRATORY SYSTEM OR ONCOLOGY OR RADIOLOGY, NUCLEAR MEDICINE &
MEDICAL IMAGING )

Timespan=All Years. Databases=SCI-EXPANDED, S5CI.

This report reflects citations to source items indexed within Web of Science. Perform a Cited Reference Search to include citations fo items not
indexed within Web of Science.

Results found: 4449

Published Items in Each Year Citations in Each Year

500 {EE— Sum of the
Times Cited
400 {SEEEE [7]: 81545
View Citing Articles
View without self-citations
300
Average
Citations per
ey ltem [7]: 18.33
1001 hindex [?]: 98

[ = =TI T, BT - ) O MO AN M DN GO -

R o000 CCC000 o

s ocoCcooooO0Oo o snfoococcococooooo

b S I I I I R ] i I I I Y ]
Years Years

3o o 2007
E IRt E S



wAEE L AR AT T o H MRS R PR I ST H AR
s Ao Ao S f%‘? e %3¢ %2 (Nuclear Scintigraphy)[8-9, 21] ~ & + 12
#2(Positron Emission Tomography, PET)[12- 13] ~ & + T % " %7k 4
(PET/CT)[22]~ & sk + 2z & %7 & +F 4 (Single-Photon Emission Computed
Tomography, SPECT)[10- 11, 23]~ B k 3+ 2 B E T ¥k F &
(SPECT-CT)[24- 26] ~ T *& %7k # 45 [27] ~ tr 124 W4 -2 "%k #4
(Xenon-enhanced computed tomography, Xe-CT)[28] ~ & & & #
(Magnetic Resonance Imaging, MRI)[7, 29]~ 42 & & {* ¥ -5 & -2 i&

¥ B (Hyperpolarized '*

Xe-Magnetic  Resonance  Imaging
'Xe-MRD)[30] » #& @ Bkt > N x 2 G FE M A s sk AT LT
F 2 ﬁ%;gf,pﬂ%%é:ﬂ » F] L oiE s A gb«gz]g\ﬁg I ZERG A R fﬁ%
Zp AR E o FEEFI R o IR ¢ X R R
B R ERE B ERRARITI R f A st - KO
et B TR bk R B B 2 B gt R B AR R AT
Foased ﬁr{a%m S YEZE R BT R R o

5 TR bR VTR s BREDIB)AE 0 & § BT N VR b
it s TRETA B R p A SR ET R T R g
ROPEGFTAN T TR PP - BB L2 Kk
REE N RS S IANE R A A I SR R B
g FERE R A S M AR 2 T RERED G FEE TR
B bR RO AEA BB 0 w AT "% # # (Four-Dimensional

s

Computed Tomography, 4D-CT)#& & $ it * KB R A3 EH T > M

AR R BEE A SRR RT R KR F L UFFOTR
qfﬁ"ﬁ?‘l AR F I EUFLBEE LA RP DL REED E T
RREEER G A DB RS RSHE D R B F s

5

-



MEREMERE L F S G (Contour) i S8t A2 L N G AR FEE
BBy dH~ - T8 K 2 RTOG (Radiation Therapy Oncology Group)
FLELHBHE LY R TR 5T HR L os - =27 Fw
Sfm oo AL o e fogF R G ¥R ¢ e #AD-CTH s 7]
SRR LR T L TG PR A - o T A
b AT EE L B AT I ¢ 4 B2 I8 i (Image Registration)i@ & 72 ¢ 3 4p

FALR BT G5 R U £ B RS L Y 0 KA L
7

=

FEERR ARG LML AFSF LI Y AET
[31-32] -
1.2 3 B &n

AT 2T B nE F e B st B i e SRR Y Ak

S AR B

wAEIE S T i PSP Ia R h A BT T [4, 14, 17- 18, 26] » % 1
#t| tm %z 3% fg(Non-Small Cell Lung Cancer, NSCLC)5v |- #5855 ]
SRFTAE HYWRAHFLPRIAPMFTL 0 50 B ER
o R B2 R R e AR chle PR L OSRERR Mg
R SRR 0 S F ORISR R R g A BB B F R

ﬁ#@%%?éiﬁ%&ﬁ%$’%&%%%ﬁ%%ﬁﬂﬁﬁﬁﬁﬁ
BN o AT MR YRR S ok R B TR B 2
AD-CT i (PR BE SR AU NEL T oA f
2 Bos ek g @ Apizz. CT o 1 * k2 (Optical Flow Method)i i



Voxel by Voxel z_ 25 % ¥ % = pr(Deformable Image Registration)#’
5 R B IR
ik Spﬁnbb‘f’”%\ 1«”‘1413‘1—,]"} 2%\ L_/r»]? %“‘ Lﬁ”"égﬁ;ﬁﬁ‘é

s ¥ e E & E T (Critical Organ)sh- B3 £ S > WiFig

X e R i FHe ¢ ’i#'&ﬁ;fi Lk - RS- T =

?{.y
e

iR R R TP REF L B R S8 BIFE (1)
POfERY BRSRHMEISR R AR TS ARG A E ST
Aj o Ft w it o 475330 18 2 TRk N VMR (S A5l AR 2 <
F2 R 8 ORR) SIS R P T R L g
Tt o (2) EATHIEN IR bRt o ek R
Bl m 20%" it R T A - BRFHAAP RS IR LS4
% A £ 844 41 (Constraint) ~ £ & |+ (Priority) 4 fie ~ & & & % # >
ERERBRE A R EE RREERF A MEELT TG
R R iy BPAIE 0 T ¥ fefR BHLIc R T R RO O R3S

/r}?).l.%%ﬁ/f%l B é" ‘)“E%’& _]__E #:’;E’_f%“;){é ‘% ﬁ?i}sﬂlik\#lr—g‘z}j’ "‘”(?‘ZEX_
¥

i ;’L;l—_—/‘ _E;/‘z—gg_ Ap gt ’%SCE'T,‘_,,}%‘/” 2T % H,’;J Ijio_n —;;3:_&,1./‘;}%)]%‘%%
?#Lﬁ*”;ﬁﬁ 4D-CT mi{ﬁ"]’ /I,g\Fl %’*}l?f-ggm@ ;\]—‘.Lg, 4'571;I4

e R T M s e R A TRA RS G A R B2 €
Lo



- % )ﬁzﬁﬁfégk‘?éﬁ
21 RABERHIIHRE

5% B 3% #3505 % (Intensity Modulated Radiation Therapy) @ f i
IMRT » £ = & 3 BEA) o R tE g - faE ¥ > p @ ffk  IMRT A
AfeH o AW G F R P ESEE RNER R F I ES
BEZESHE  BTHF a2 HOHELF (B2 7

pu:
)

A om0 3w N In kit % Y(Inverse Treatment Planning
system)> ¥ i 8 di4Ffer FE RN R EDGHMEHEHBR - R TR
ME A B i st 2 e B & B IR3E (Quality Assurance) sk FE ¢ St
T h o BRI SR ERNSR AN E AL HERRITE )
bR el fod Bfp A B AR A T LT o AL A BT R fo

P sk F R AR I ORI R e R e & s

s

,\\

JodG R A R R o Bl P ORI E B AR R
BB Z R EAMEEAR R R S REE R A

(RS £ B9 E el 1t il

IMRT #7875 % 38 4R 5 ¥o T (Target) X £ 2 B 72 F > % » 8 & B 0
b 354 (B]3) ¢ W fE R e A5 55 % (Conformal Therapy) » 17 & & 3% 41
(Beam’s Eye View)(Bl4):= 1 & — B » St & B T g ehs o] ~ 355k
BRrE R FAGOE f e REE BT 2ZApPHEE 55 & - BE{
B iF 1t (Optimization)#| £ 5 & 3 474 fe[33]- IMRTH - i * 5 €45
FRIFETE BB LSS 3 NP BH - B P X L ms A F S
W T AP B :g/]~ﬁ,¢q\;’%‘g¥ gﬁg,ﬁ'/ﬂi%lt'ﬁﬂifé*%fﬁ‘ FESN
By ReOBF LR REFBBER AL 2 B E3adp, b ¥



VY EE Rk LR EE AR R ST G frbn TG
ko ETF R RB D o ST IMRTH A {2k 3 655 T3
s AR X T S R R B Y B EEET
GoTA R o m kB RS TR0 1 ¥ B Flig S H £ D

G2 E A2 E R [34-36] -



Bl2. 5% B AL b B® F o (A)S Varian2 2974 3 2 5% B B 3%
WHichRE -B)e P ENMEE R (O)r(D)s & * e S in R dl %
B A S B E RSP Y RE G ENEE R
iy EER o EF A @R RALRL o [37]

10



rBIMKF’“?”%iﬁT&r]j4ﬁW Bk N CR R -
o o~ Bt & B s RS 0 R R AL AR o

Bl4. Beam’s Eye View T &, [B] o i i &4 § 15 AR 1L 3 &
TR ) AR B2 R RS ij#_ AR 2 ApHE

JBXS '\1\
* n\-

11



T e e R K ST P A TR R e 2

EREE I Sy oS SR ek ol Ll BT ol RS
BRAEBEETAEN AL MFL LT DS BEE LY R
) ﬁ f ﬁ;f’];‘%%ﬁf? ‘E\'ﬁ?']%ﬂ r e ,fé"’ﬂ AES R REY e F e 2R F
%ﬁ@%%%@@%ﬁsrﬁﬁ”w%ﬁva’mi%k»%* £
* PR BF {3 4%%ﬁaﬁiﬁxiﬁ B ESRE RE S
Wi (7 in o PRl AT R AR A F R R nd

B /r'}?)iégﬁ‘"

PENE D KL S (Multileaf Collimator System)H_E 4 4vid & *
kA4 D btd A BAGkefed > HHEED R i T3 BE
T RI AR BT RB SRR G A B
- 8 E# &5 ¥ B R(Step-and-Shoot) : F E ¥ B o {5 i DS

“Beam Off” » ¢ # % %%ﬁvil,?& A ik A #s i&k’q‘g‘z%] 21 % “Beam
On” > 3 % # & prig f 1% b gy o ¥ — f8 L8 fi 5% 2 & (Dynamic
Delivery) > % % - :#4# % - :# "Beam On” -

ﬁﬁg

12



22% iRV ARE

- %o H RGBT T R REER L 8 BT B D]
B+ %« #t(Treatment Planning System) » ¥ 7 % i 2 ST it # au |4
(A A EE R RN R Y E -3 o) RE SRR R
BRG] FEPDF RS BE 2 RS L R B AT

PR~ R A e SR R AR FEE S TR

- B R E R T
a
1

- gk AT ek e 2 N 2 2 A F 4 4 Bl (Isodose
Curve)~#| & %848 £ * Bl(Dose-Volume Histogram, DVH) % &| & 4 % [§]
(Dose Distribution)(B]5) > & & & o B A %= B 7z & F 575 e &
SRR JAe k ATA A ehd s T BI(RISA) 0 TRA R F"*ﬁﬁ%’%‘“—' - k-
ENT ST AR R PGS T B R s B R R 2 T
ZRFEOM G TR EEEA LIRS OB HEY M3 ¢

AT IER R RN R E REBFRELFT AT EEE R
PEHEY ST AR R ORAT U IE - R e B E A

L
R W ST KRR RS R R BRI B W
P HfRkst * KT 2 R P sio g Fn{rr ¥ 282 2
ERFTHUALHEHREAL T G- AE LT 1 & (BISC) - i
B LA MR AL AR T T MERA LS MT
-

AR 5 R AR E O AR B - TR SRR

13



 RBAHITT ‘”\i—ﬁ SRS T AL Ak MR (2 B
o ¥ R SARS R ARG R B R B AR AR (Y H ) -
R REMAEL BRSO R T E SR BRAT T B M

A

BB RELF R o LT TR R

EORIRGFESE TR T MVE T P WA A SR
x

RPN AT A FIDI R Y R E T AT
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BIS.TRMk & % 2stin k- 33 E 3 5% « (A)E &£ + 5 B (Isodose
Curve) - (B)#| £ 4~ # @] (Dose Distribution) - (C)# € #8 % £ > Bl
(Dose-Volume Histogram, DVH)
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P A g B R i Ryt L TE S ﬁ—‘ L =S St
T R R A R G R IR R AT R 7
TR B R R T arstin i o Y R R &
Ko 17 EARL 5 T A TR IR B i ey

-~

et E AR B RAR S B F H(Homogeneity) ¢ % 3 (B16A) » &2
FTAERF AL I RSN EREREG 0 T T E kS B

~

Fpaa? s RN T ERS R A G P iR &[4, 7- 20,

26, 38,45] -

F_&

S B E T Sk e

L3 H b LW RN R BT A A BT
B HGEOEF o B ARG T
WHAR L AT SR AP
it T 3 (FI6B) > £-§20 %
I R O Sl b 3
% [4,7-20, 26, 38, 45] -

lrr_rx\-

ﬁh}
?ﬂf‘?
o
S
=)
[
s
T
ey
R
W
:4-4\
‘E
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B 6. 7 I a m & o (A)SHIic R F W I L o BER
WAL G - B B o (B)F i Minh it A SR IR g o
PR G AT R H R A R e 2 BB A L - BRI

g
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23 B WAk TR

ARLEL R R LT R R R LRE R g
R EHTEENA PR LR INRBAEENE cE R B LR § 50 5L
3% 2 (International Commission on Radiation Units and Measurements.
ICRU Report No 50) 2 Wi stH =2 R £ L f € 62 542
(International Commission on Radiation Units and Measurements. [CRU

Report No 62) » ¥+ # 5% = 48 ff ch 2 & [39- 40] © (Bl 7) (B 8)
2.3.1 ICRUS50%.3F 2

1. 3% B 88 4% (Gross Tumor Volume, GTV) : f p% & jﬁ -2 LI
;B

MR ¢ P REEBEIMS TS AR LA TR KA S
AT R 4 R -

2. fek ¥ 484 (Clinical Target Volume, CTV ) i 2 ¥ it & °
2 =B ¢ FEGTVEGTVE Bl g w8 % 7 i ez b I%H
T W Ed R e BLE R R

3. 34 ¥= 84 (Planning Target Volume, PTV) : ik ¢ $ECTV L2
B b (de D RIE R R S i) AR A e g (e
)R E R E RO PR R e LR

TE -

18



232 ICRU50% .4F 2

ICRU62%5:4F 4 ¥ > ICRUSO5L4R 2 cnE & fote 4 0 7 — B4

A B E o Rk
AP LRPFALAXERAR T E > AN A BN F R (Internal
Margin, IM) fr#i =% % ¥ B (Set-up Margin, SM) °

foign B o MPVTRE® crlp BT

1. 3% % %8 # (Gross Tumor Volume, GTV) : f p% gt —‘ﬁ - S
o ¢ FRIEEBEES T %ﬁﬂ?%ﬁt [N =8 R R

LR -

2. fisr ¥ #84# (Clinical Target Volume, CTV ) : ¥ 2 *i% ¥ i & J°
2 B ¢ J£GTVEGTVE B w5 7 i R o 203
R #%ﬁﬂ L g Bt ) MR 4 R o

3. P if F (Internal Margin, IM) @ & F B F & S 4 32 418 6 (4ovt

PF'

I
BAEE T A S EREBAZ AT %R o

4. p ¥ §8 # (Internal Target Volume, ITV) : ITVZ % & ¢ 3£ & ¥ c1E

2

-

)

>
F 2

-

>

&=
Ak

Jis gt enCTVZ oz BFenif ~ oA BF 4
2L

%L

CTV# & & F in Rl 427 CTVIZ S5 *h g &

, RS
A58 0 8 F HCTVHIM o 7 41 * 4AD-CTH i 24 2 5% BlE ITV
]_%] o

5. HetiE L 8% (Set-up Margin, SM) : ITVE 3+ — 2 enf > * 3%
AEE RSB THRL R anE L > & Hiek REXA D

19



(ICRU Report No.50)

@ 7. ICRU Report No.50 #& 7 = #8 #f ch 2 & o (A) & "B M < &7
LB - (B)s 7 TRk A A - fac? WA R E GTV » % 3
A CTV . ¢ 384 4 PTV o

(ICRU Report No.62)

® 8. ICRU Report No.62 #i % ¥= $8 4% e 2 % [40] ° (A) = RIF /5 5 "6
B R AER G T LE (B B A ”ﬁﬁ"ﬁw%ﬁﬁf\ Fa 3R & R R,

Bl o Rizd MR A CTV (FES ML R L& ITV §EF A N £
PTV -
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24 v BT HEFERE

T R Y%A #F 49 L F(Four-Dimensional Computed Tomography,
4D-CT) # 72 2 K - ST Uk Fh i i E & % ipgkr et

¥ ¢b e W pE Ep] % %i(Real-Time Position Management System,
RPM System) . & if| < {& & T psef s ig ) o 4D-CT il R A
RETE B G TR T RREFSRERET R T FAp R
TR BT LA AR @I LG BARST AT
§odD-CT & @ e "7k B il & £ 8 a0 B Uk B ildFR
XHFEE DI FF R FREGHP 2 BRSO Aot
R PR A B N B g R SRS ¥ B R
EBRT ORMMAH A SR8 A FRB A IR R
HIE T ARl B PE A RS SR E e 7
AD-CT Bt PR3 2 TFi fg o 2 Hamadfs-7 Fip i
(Phase)z. 2 if o

2.4.1 4D-CT B~i§>

AD-CT B~ > 383 L & 5 & 44
(1)Cine Mode :

AD-CT ¥/ B @b i 8 2.5 7 BB B4 FHiF 2

S
Pl AT RPEERWINOER T, 50 BN B IRGRFH

PR ATIL B E R BB i R G A 4 P
o BREBEE 2 RFLRFYPRETEE REHEESHDT -

Sk

=

Bk s TR e R o TP B I e

- B 9A 5 CT & Cine Mode -5 T #dw st A7 & > F 3R F 4>
21
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Ffe T2t PR GFAH R RAREBET -
BiFte 8 0 B AR IR R e Pl

e b R (T Cine) 3 »F w2 3 5 B F (Th) e 1 8 3 et
PR (T) > Fl5 RAEFRT § F B TR b o #1105 B ) iy
G T RS & ) FROE - MR A
% #E e 4D-CT # i§#77 P % (T Scan) :

T Scan = (N Slices/N Detector Rows) X (T Cine + 1s) — 1s

H ¢ @ TScan 3 % % 4D-CT B~ it § e > N Slices 5 B 1 % 42 97
2 t*7 5 #ic > N Detector Rows % i # % 78 » TCine 5 & B =% #7

FORFRERF > IsatkAHESEI T - By FpFEF o

Fhad 2B b B8 g T2 s p P io b d
&g R et R I 1 i o RPM System 4 = - 1 4p
F(BI9B 5= BApER) R € AP F B EE PRI 0%
10%3] 90%%: i Falle L+ B A f4p 03D 2> * B 3D B it
%7 feAp s oo b B 3D B 5 4D-CT 2§ 9B) -
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Position 1 Position 2 Position 3

Position / Amplitude

Vi

X
offo Jo

(A)

B 9. Cine Mode ##5 #ic3% ° (A) CT % Cine Mode #-;° * ## - (B)
AD-CT B~ R 1L «
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(2)Helical Mode

7+ Helical Mode #-3% © » % # Pitch i+ = [ﬁa)ﬁ:ﬁ%ﬁvgj % - Pitch 5
THR PR - BT iEZ LR LR TR g - BT
2ZERE R 4 3 AD-CT $ P82 &8 5 B = % 35| = fF et
B3k Hp 0 #7102 Pitch B a3k 28 %) » &7 ¢ Pitch+ 8 > ;4 3
P<Tg/(Tb+Tg)  # ¢ >P% Pitch> Tg: ¥ 5 *ef~ E#r 3 crpsfF >
%;;ﬁﬁ7ﬁuiﬂv “MﬁTﬁuf%ﬁ@ﬁﬁﬁjﬁ%ﬂ%
o S b TR k£ 0 4D-CT ik o Bl 10A % Helical
Mode # 45 fic3" » #ds 2> 345 CT B BRI B fh - ¢ afff Dk
P b e SR A B 0 B D440 ¢ B % B 0B TR P = = o [ 10B
= Helical Mode i % o4 b g 4 w2236 B (Tb) 5 4 45 - F 3%
k- Bl RN(Tg) s 0.5 %) » £3-% % Pitch & 0.11mm > ¢ Pitch
THREA R EINzZI P22 FF By mmf’fviv;\;tﬁp(mf/) s
Helical Mode # Pitch 43 /] e ™ » ¥ M pgi%= B i %
Bt s F D F (4 ) 0 4o 10B & A ArT o vk TG

g1 3T - l@i\f—i&xiﬁﬁ‘]gti’:‘_1"’1'4—1;"’*"‘["1-41]}[""%_&‘

Jreh
&

TORAI* 25 Bredex k4 it £2 0 4D CT ¥ ffeo £ 7] > @ % Helical
Mode 5 & Fitehdfds - e 7 F L B> F b ERF L g0
Cine Mode & > 3F 7 ¥ > e ¥] % Helical Mode ¥’ i & e PF 5 1
wEZEFPFNRDE > TR &S F ¢ # Cine Mode £ -
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time (s)
-»

@ 10. Helical Mode # 45 #-3% o (A) CT = Helical Mode fi-5% * # 47 ©
(B)Helical Mode 1 # % 2 4 #Li" ©
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242 4D-CT ¥t b A a2 W54 i B (R Bk:

L AD-CT B el Az W o a0 Bt 10T Bk

l.

P B GAFE R A K AD-CT ¢ S8 - Bpg SR adFh
B D RLEY LA FHY qRARE

lﬂ

AD-CT # & 7 § R 3p b » AR f‘*“f'J)J'*uab EE 3
R¥ o SROBREFRARRARR T JHE2 2 ¢4 #
L SR R) e K e
R BRI R D G AR R R R o ApETT S
%%ﬁﬂﬁﬁ%%aﬁKMMT%%iﬂ%ﬁi—o
kﬁ%ﬁ%@ﬁﬁj%kﬁﬁqﬁ%%w’MDcrg%ﬁﬁ§:
BT EER G A F R g
%#%%#’ﬂm%%#£%4%wmiiﬁﬁéﬁﬁ%*Q
Z i TR R e AAEST A ATRE U F v L SRR PR
ML F GG N 4D-CT M 2 I Fhkafms iy
¥HH R A RIN SR ﬁ”ﬁ%%—%? LR 28
R AR -

a
W

i
vz

B g

i

B

quﬁgﬁ&m@@%ﬁ%m%@@zw%ﬁa’%uxﬁtﬁ
BRGHE PP FEP OB R §E ¥
FRER AT R

PR F TR F R SR AD-CT a8 ™ afe v fcsit

ot E 4 [17- 18, 41-42] -
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(R G ko

31 TRA o 0L T A B

AR B R SGE L TR R R b T R R S
T 2 ’;%‘fﬁ"?i TR B TE 5 AR 27 i B ok bl B AL
PR EFARF AR SRR T R R
FHRFRFE GRLL R § g7 (DMRI00-IRB-216) # 17 ('}
Br)o B 2009 & 1% 32011 127 X1 11 pbl(hek 1) &
#4373 T2 2B eny —‘*Fi/ﬁiﬁ, ’ :ﬁif}fﬁfw\ﬁﬂ W % stage III » T
VLGSR RREEHESE Rl 2 SEHK2 531“)11:1%2
o Bod IRy AR X L E] ) i N R | 2]t B
B bR e 4 e 2o e R BN A L e YR B A Y
FEtECTTECIECSTE LGN SR T R
7] 2. 3+ F = 18 A (Planning Ttarget Volume, PTV)4r & T 325 441.85 +

273.58 = = 2 A (em’) A& %% 88 f# (Total Lung Volume)+4c & T #5 %

2809.16 + 678.87 = = 2 A (cm’)
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%L Tehk o bl 7R et

Parameter Value
Age (y) 58.73 +£9.46
Gender
Male 8/11 (72.7)
Female 3/11 (27.3)
HistologicType
Small Cell Lung Cancer 1/11 (9.1)
NSCLC, Squamous Cell Cancer 4/11 (36.3)
NSCLC,NOS 1/11 (9.1)
NSCLC, Esophagus , Squamous Cell Cancer 1/11 (9.1)
Esophagus , Squamous Cell Cancer 2/11 (18.2)
Thymoma 2/11 (18.2)
Stage
1 11/11 (100)
Tunor Location
Right Upper Left 2/11 (18.2)
Right Lower Left 1/11 (9.1)
Left Upper Left 1/11 (9.1)
Left Lower Left 2/11 (18.2)
Carina Bronchial 1/11 (9.1)
Mediastinum 4/11 (36.3)
PTV (cm’) 441.85 +273.58

Total Lung volume (cm?)

2809.16 + 678.87

NFISCLC= Non-Small Cell Lung Cancer ;

NOS= Not Otherwise Specified ;

PTV= Planning Target Volume.

Data Presented as Mean + Standard Deviation
Percentages in Parentheses.
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3.2 4D-CT ® 4 F#n

T BT RETR il BN e 0 AL R * GE & 744 A it
GE LightSpeet'® PET/CT % 8 % (PET/CT-16 Slice, Discovery STE, GE
Medical System, Milwaukee, Wisconsin USA) (&) 11) > I 45 fz Varian =
24 A2 wpER R E Rk % (Real-Time Position Management System,
RPM System Varian Medical Systems, Inc. Palo Alto, CA) (1] 12)% f| %
Bt h SRR R R R B R T R £ A
4D-CT #> ih o

AD-CTHts e & H 3 S F ARIR I e 4k > w4
AP R 2 ATA b T OETR B R L e TR Y 2 AR e
HEHE I RaEF o e TS Ak &35 4D-CT 5 0 &
B- LT REEFRRIE > X7k A0 R T Bk Se(R]
12) & hEKFT - o %F Rt CCD # 8 R BauEi4h 2 )
FRE 2A) SRFHGRAZTEE - ALy e b R
BRI e L EHE(E R MR E) (B 12B) > 0RDpE £ w2
P g e (R T el a) s R E
HHELF v R E SR BR REHRFE TR ERD T ARE
Weoresr™ K(W 120) | F FRIEE B L e T ed s dR g 7 2L

MWL T R R ALF 0 B CT Br1fpd % B e gk % %ﬁig ek e iF Hp s

R T F S SCR IR E

d T hep B KB pF enE Bt S e8] T AL > T 0% ~ 10%
7l 90% ik B A 5 L BAp i TR R BB L > W F T e
ZAZRFL A, o PR L IR F IR ERFH R R P2
CT & BAR2_ J% 1§ is Bd® o B #-% %&?—‘Fﬁ‘ 2B F AT A AD-CT # ffe o
ARy K-t % Cine Mode & o PFemi 050 » BEZR i fu PRV 1
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Helical Mode # Cine Mode #-> & #_% 8 i & F~ & £ i * »c5 + Cine
Mode 3% Helical Mode & #[43] > #f2 &# 3 #-12 Cine Mode & #
R TR S
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B 11. 4D-CT #4 t& & % "2 7, - GE LightSpeet'® PET/CT i3 # &
(PET/CT-16 slice, Discovery STE, GE Medical System, Milwaukee,
Wisconsin USA) -

B 12. rpF B2 i % Bl % ¥(Real-Time Position Management System,
RPM System Varian Medical Systems, Inc. Palo Alto, CA) - (A) 5 i& = ¢}
SCCD % 5 RIE > 4 BEB2 1 5 F o (B) 5 L HE(2 B F o
ERE) (O BRFRBEPFEFFEda b TA KR FEI e
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3.3 B ijai2
3.3.1 &% (Optical Flow Method)

Rinh R G &R (Pixel)Z A8 1 0 FE A 3 503
FARGPRETI A INELIREN - SR GRER S
EoVEY A RGBSR DN S - RBGF - BEAY C %
P T A B R o KR AP PR Ee (T LR SAH
¥ * A7 Je prEp (Phase) s it o)t A B 20 i Bio B R H B RE R

“Source Image” - @ #-¥ — PEEH B GAL 5 “Target Image” - H A #
RIZRIEE T S BB (1) AL B BEensg B RPN TR 0 (2)
WTE i E s TR ER T H O ARPG S A FREEDEHE
%8 = # 2 Mapping Source Image & 5|35 % 18 iz ip| 82
(Deformed Image) » "™ iE R 35 P aho kg 2 240 % Bijk
AR RE RSP JEPRERZ 2B PRk R

B ﬁq?\\%}[‘ °

%y erIR s A A H 1995 Horn and Schunck #1981 #742¢ {7 ek <
ot Pl A [44] ) Tk - W HmAdeE o - B g
TERADERTERL f,y,zt) f N A AFRE tapFis > gL
o,y z) R ER R -EFRFdt 2 #B% 3 (x+dx,y+dy,z+dz)
TRHEE P AREFRBERG L AR RESIHEES oD
(x+dx,y+dy,z+dz)Hip ¥ B o R ki & S8k f(x +dx,y +
dy,z+dz,t +dt) ¥4 % v e~ & Taylor & 7| %8B ¥ 5
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E)f(xyzt)

fx+dx,y+dy,z+dz,t+dt) = f(x,y,2t)+ v, +
o xy.zt) vy, + o1y zt) v, + oy zt) ’Z't)+ High Order Terms
9y a, a;
(Y1)
BRBGDAERERAT €XFFT AT M 0¥
fx+dx,y+dy,z+dzt+dt) = f(x,y,2zt)
(342)

FALLAR © B EGE 1) e D)% EvERE S AM i £ TR

P A

af (x,y,z,t) af (x,y,z,t) af (x,y,z,t) of (x,y,zt)
2. v, + 2, vy + 5, v, + B, =0

(3% 3)
# ¢ v, =dx/dt,v, = dy/dt,v, = dz/dt

(3%3)3 Adwew, vy, fov,o 507 R 05 & - B A o
Horn and Schunckf 4 T4 8 B — pr * 3t k7R3t o & fodosr a°
FEAFRATFLRY T LT EM GR B vy z ]2
F3)ehg %

of (x,y,z,t) of (x,y,2,t) of (x,y,z,t) of (x,y,z,t)
. v, + 3, vy + 2, v, + 2,

= Eof [U(X, YV, Z, t)]

(3*4)

(7% 4)F P ki ¢ B F Sl & M Tk 72 % ° Horn and Schunck & 7 *2
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x
2[v(x,y,zt)] > L¥ kpui LA s E2E & HR e
e2[v(x,y,2,t)] = (%)2 + ("f,)—"y")2 + (%)2 + (%)2 + (2—?)2 +

vy 2 ov, 2 dv, 2 0v, 2
(32) +(52) + (5) +(52)

Horn and Schunck = /% & #73 & e, ~ a>fre4rjf s & A g

0,

min [[f|e2;(v) + a?eZ(v)|dxdydz
596)

2o o £- BRI

Horn and Schunck = ;2 0/ (7 8.d H =t e & #2840 % Kt 8@

B

L) _ ) o (v)(cn)%+v}(}2n)%+v2§n)%+g)
X X

% ar+(5) +(55) +(50)

LD _ ) _of ("fcn)%”ﬁn)%’f”;n)%*%)
- 2 2 2
g T e () (E) ()

LMD _ () _Of (”»(cn)g+”§n)%+”§n)%+%)
z - vz 2 2 2
7 a2+ (g) +(35) +(3})

(3*7)

2P n £t
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3.32 k84 % 1t 3+ 5 (Local Volume Calculation)

FFT T E P AD-CT 8 b < 2§ 40 % Bt ok § 483 40 = i) fo
FI* k2 1% 38 Voxel by Voxel 2. 25 % 82 ¥ =7 38 » 225 def e i@
B R AR AERE A CTRE i T~ Voxel % 5 = 5 %8 >
FR I N BRE

£
s F7E BLEY R 45 BE (B S 1L 1 S

Lwleigfi gt g o £ R
B2 e WAL LE R E- BT Td 6B G B ES T

&?%ﬁ&ﬁQﬁﬁJ&Ef*W%%ﬁ@ﬁwi%wa%%ﬁ%?

$#7 Local Volume (®] 13) [45]> = & R82 R8F - & S k45w B0 gLk
T FEy o H oy

= (B -a)[(c-a)x(d=a)]/6

He asbrecrdie BRBEF hp & o327 % 5 0RE RJ; DIR

3+ & 41 % 7 Deformable Matrix & 4 o
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(xy.z) xy+1.2)

(x+1y.2) ety 2)
(xyz+1)
(rytt,z+1)
(xH1,y,z+1) (1 y+1.241)
image 1 (et y+1,24+1)

image 2

(A) (B) (©)
W13 AR o (A) CT R H? > - Voxel Adzdpi i
A f'—*ﬁ ANBTERE G B) P WEEEREFSLA A4 5%
K32 PRl RS e E o EEF R 1S R B
R AR 6 B G M R ie G ML B
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3.3.3 " i F f84% 3+ & (Ventilation Calculation)

W F MR A PT A S

P=AV/V

He V irtgipeLocal Volume > AV & &g B2ef 5 2 W RR 4% % 1

|l

b g ApEGoF Apa e CT B2l 1ef 5 4p 82 12 Voxal + /] i

P FEPERU MBI [45] 2 ADCT > 3 3§62 it
M § WAt 8 > # 3 4D Dynamic Ventilation Series £
Expiration-Inspiration Series ¢ 2 ¥ 4D Dynamic Ventilation Series 3+ &
& F 7 50%-60% ~ 50%-70% ~ 50%-80% ~ 50%-90%Fc 50%-0%:& i
DIR » & ® | * 323, %L i¥ 5 Local Volume ¥ it &2+ 5 - [§] 14 i@
* OFM #- 4D CT * s 4 2 R ot 3~ s 5 49 (0%) 7 5 Target
Image > # = = % % (50%) ¥ & Source Image & 7 ¥ i ¥ |
Deformation Matrix » H 7 £ & 305 ‘2 7‘3 2. Upward Motion T * it 43
A RE T BRI MO R e p 2 i E

Bl 15 5 50%-0%:% @ 5 $if > o Bl¥ § ¢ % 57 2§ %%
aﬁ%ﬂ?u%m’ﬁ%&%wﬁﬁ%ﬂgwiié%ﬁ%
A 3mmpF o ZRIRRES € =8 3cme £

¥

KT g gk G CT R o - 03 #H2 Wil § Bie & CT
Bt o F F W s HORE R FAR R BB JH TR
Tt R A e g o @ W B R A > 420% (Color Bar) 4 7 e e
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§ T ”J“’*f"f R B ARR L TR BARL S F 2 RAR

&q
il
=
@y
3‘3
x
"E'\
(m
a?;
|
(w
5h
bR
7\
3

o HER)E B0 R %
Wﬂwﬁ@foﬁﬁﬁ RUFA A2 R 24P P BE ~ S 0 4p B >
"2 50%-0%%2 50%-80% i tt e o 7 3 LB 1+ 50%-0%: %8 % (* F2. 3
#1L 50%-80%F AF -
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Deformation
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03
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¥
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ne- ¢
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= o K
L ik
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JRB A
Matrix & 4D-CT £21
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34 RV EARRGRPEEGRES SRR

MY Varian o & #1724 & chEclipse 8.6 i< A s R it E ks
(Eclipse version 8.6, Varian Medical System Inc, CA, USA) > it % rr 3%
EZRZRRGBMETE - Z LT EREY AR HEHHFE O

HE ST REF SRR ERE R
340 ipfit A E WA LIRS

AL ISRF RS ME R ¥ e AL R
¥ £ AR 7T JE 7 3 % (National Comprehensive Cancer Network,

\\\

NCCN) [46] #7+#| = ] (NCCN Clinical Practice Guidelines in
Oncology Non-Small Cell Lung Cancer Version 2.2012) - ¥ FF 1‘53%7‘;% i
%852 s 6] F 43 PTV 50 Gy~74 Gy s M2 (£2) - tuisf 3
P H A H e et e 3RS JE A F95% M AEPTV Jp X 3195%h
fo B E IS & % PTV &+ # £ (Maximum Dose) /g /| %+ 110%™
FE VAL *#":@g.?%w PAERTHEFER 5 1A FEF G 7
o iz 3 TARME(E3) B AR EE TR E EE R R
EMA UK Lo ¥R ERTE TR AEFBREY S AL
B P iRE o REE S AR A E B350 Gy ;s IR E K
FEER L FRIRE - 285

5 Gyig 3 £ BB 52 W 8 T 1 22 70% (Vs (%)= 70%) ~ 20 Gyig 5

iy

B I EE gﬁ,fg 4% 5 L

B E R 2 FRAE T ] 230%~ 35% (Vi (%)= 30%~35%) % 3 #544
I 2% & (Mean Lung Dose, MLD)’f -] %20 Gy (MLD = 20 Gy); = %
B R AR E R UK B TR E B R IR 40 Gy

15 53] B B It S AR T ) 2580% (Vo (%)= 80%) T ok £ & 4
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] #+35 Gy (Mean= 35 Gy) : S A L= » A TR Erl5

% TI9EE EF | 334 Gy Mean= 34 Gy) °
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202, B AL TS AR B A LT sE A R R £ 1R [46]

Fracti Treat t
Treatment type Total Dose ra.c ton rea nfen
Size Duration
Definitive RT With or Without Chemotherapy 60~74 Gy 2 Gy 6~7.5 weeks
Pre-Operative RT 45~50 Gy 1.8~2 Gy 5 weeks
Post-Operative RT
Negative Margins 50~54 Gy 1.8~2 Gy 5~6 weeks
Ex'tracapsu.lar N(?d:al Extenspn or 54-60 Gy  1.8~2 Gy 6 weeks
Microscopic Positive Margins
Gross Residual Tumor 60~70 Gy 2 Gy 6~7 weeks
Palliative RT
Obstructive Disease
: . 30~45 G 3G 2~3 k
(SVC Syndrome or Obstructive Pneumonia) 2 4 WeeKs
Bone Metastases with Soft Tissue Mass 20~30 Gy 4~3 Gy 1~2 weeks
Bone Metastases Without Soft Tissue Mass 8~30 Gy 8~3 Gy 1 day~2 weeks
Brain Metastases CNS GLs  CNS GLs CNS GLs
Symptomatic Chest Disease in Patients
: 1~2 k
With Poor Performance Status A\ 8.5 Gy weeks
A M ‘i Pat :
ny etastasis in Patients With Poor $-20 Gy $-4Gy 1 day~] weeks

Performance Status
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3. Brus SR Eo R W A £ A L [46]

OAR Constraints in 30~ 35 Fractions

Spinal Cord Maximun Dose = 50 Gy

Lung V5= 70% ; Vo= 30~35% ; MLD= 20 Gy

Heart Vo= 80% ; Vis= 60% ; Vo= 30% ; Mean= 35 Gy

Esophagus Mean Dose = 34 Gy; Maximun Dose = 105% of Prescription Dose
Brachial Plexus Maximun Dose = 66 Gy

Vx (%) : Percent Volume of an OAR Receiving Dose = X Gy ;
MLD : Mean Lung Dose °
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% 4. IMRT $ i (%] & W T4 48k

: Anatomic Planning Functional Planning
Structure CO;EStramt Volume - Volume .
ype %) Dose  Priority %) Dose  Priority

GTV Max. Dose 0% 105% 50 0% 105% 50
Min. Dose  100%  103% 450 100%  103% 450
CTV Max. Dose 0% 105% 400 0% 105% 400
Min. Dose  100%  102% 400 100%  102% 400
PTV Max. Dose 0% 105% 650 0% 105% 650
Min. Dose  100%  101% 350 100%  101% 350
Total Lung Max. Dose  30% 5 Gy 200 30% 5 Gy 200
Max. Dose  25% 10 Gy 200 25% 10 Gy 200
Max. Dose  20% 20 Gy 200 20% 20 Gy 200
Functional Lung Max. Dose 30% 5 Gy 250
Max. Dose 25% 10 Gy 250
Max. Dose 20% 20 Gy 250
Spinal Cord Max. Dose 0% 40 Gy 300 0% 40 Gy 300

Spinal Cord+5 mm Max. Dose 0% 45 Gy 300 0% 45 Gy 300
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NSCLC-6000 cGy Transversal NSCLC-6000 cGy Transversal

© (®)

30% Functional lung
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—__ NSCLC-5000 cGy Transversal = NSCLC-5000 cGy Transversal = NSCLC-5000 cGy Transversal

(A) 20% Functional lung 30% Functional lung 40% Functional lung

Frontal Frontal Sagittal

Spinal Cord

»20% Functional Lung
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S IMRT i3t & 11 BFT 3 h ol P ARR § 0 i
TOEIRH| R A F A(R Sl B A 52) ¢ REEHEE T 20%F
A TFe o~ 30%BEH G EE T 40%B A R s EINEE IR
IR R A UG 2 R T R E BT RA P 2 R LY
2 5Gy st B RS2 ERAET A E 3 T0% A (V%=
70%) ~ 20 Gy 45 543 & R 542 W AR 7 4 vh JE 3T 30%~35% 0 Al
& (V20%=30%~35%)~ % % L 328 & ’f -] ** 20 Gy (Mean Lung Dose,
MLD =20 Gy) > #7 Ja ' Rgg s M & &2 F 2 MR P » v 0 # &
NCCN #7422 & o & ] Pﬁ@:}% 7] (Patient 1~6) > 7 fe 428 2. F ¥
oAy R AR Y MO ERE R A E S < MR bl (Patient 7~11) -

# Patient 7 % 20%% it £ & Vs% ~ V%% MLD(%A %] 5 67.4% ~
31.2%3% 17.1 Gy) ~ 7 30%% it 2% % Vs%% MLD(4 & & 67.1%%
16.6 Gy) ~ 7 40%% it 2% % Vs%(67.1%) % % > B B V% V%
2 MLD(% %] % 66.4% ~30.3%% 16.7 Gy) ; Patient 8 &1 20%%* it {25
% Vs% ~ Vyo%% MLD(% %] % 383% ~ 21.8%% 9.9 Gy) ~ 3 30%%
WM T V% V%% MLD(A %] 5 36.7%20.4%% 9.3 Gy)% % 40%
oA B E Vs% Vao%%i MLD(A %] 5 36.4%~20.2%% 9.3 Gy)'s B
SR R V% > Vyo%% MLD(A ) 5 34.4% ~ 183%% 8.7 Gy) ;
patient 10 & 20%% it 1% & V%% 0 30%3% i % B Vs%(A %] &

64.1%% 62.3%)He® >+ BH ™ T Vs%(62.1%) ©
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12 2L 4

% 5-1. B4R dE IMRT jo 3 5 9 304 £ 32 07 St &
Anatomic
Prescription PV
Patient Gender Diagnosis P Volume Total Lung
Dose (cGy) 3
(cm”) V%) Va(%) MLD
o o

5 20 (Gy)

1 M NSCLC 6000 62.1 11.6 7.1 3.8

2 M NSCLC 7400 119.5 26.74 16.9 9.3
3 F Thymoma 5400 216.7 50.6 18.6 11.07

4 M SCLC 5400 253.5 25.2 17.8 9.4

5 F Thymoma 5040 260.7 47.3 16.8 10.3

6 M Esophagus 5040 393.2 41.9 16.2 8.6

AVG £ STD 33.9+15.1 15.6+4.2 8.7£2.6

7 F NSCLC 5000 639.8 66.4 30.3 16.7

8 M Esophagus 5040 660.6 34.4 18.3 8.7

9 M NSCLC 5000 716.6 57.7 25.7 13.2

10 M NSO 5040 732.8 62.1 27.2 14.4

Esophagus
11 M NSCLC 6000 804.9 46.7 29.5 17.8
AVG £ STD 53.5+£12.9 26.244.8 14.2+3.6

45 ® * NSCLC=Non-Small Cell Lung Cancer ;

SCLC=Small Cell LungCancer ;
PTV=Planning Target Volume -

3H D V(%) : Percent Volume of an OAR Receiving Dose = X Gy ;
MLD : Mean Lung Dose -
AVG £ STD : Data Presented as Mean + Standard Deviation or

Numbers; with Percentages in Parentheses °
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#5-2. AR IMRT s 35 5 % 308 £ 32 5 53t 4 (k4 5-1)

Functional Lung Region

MLD MLD MLD
[}) [}) [}) [}) [}) [})
Vi) Va(%) () Va0 Val%) o Vi) Val%) o
| 5.1 2.6 1.6 7.9 4.4 2.6 9.4 5.6 3.2

17.9 9.7 5.5 21 11.8 6.7 229 13.4 7.6

2

3 40.6 15.8 9.4 42.6 17 9.9 42.6 17.4 10
4 16.1 10.6 5.8 19.6 13.3 7.2 22.3 15.5 8.3
5

29.2 8.3 6 36.2 el 7.9 40.1 13.9 8.87

6 27 8.5 54 33.9 11.9 6.8 38.1 14.2 7.7

AVG: 227+ 93+ 56+ 269+ 11.7+ 69+ 292+ 133+ 7.6+
STD 12.3 4.3 265 12.9 4.1 24 13.1 4.1 2.3

7 67.4 31.2 17.1  67.1 30 16.6  67.1 30 16.3
8 38.3 21.8 9.9 36.7 204 93 36.4 20.2 9.3
9 45 19.3 102 515 23 11.9 555 25.1 12.9
10 64.1 26 141 623 253 13.7  61.1 25 13.6

11 314 13.3 9.2 374 18.5 12.1 409 22.1 14

AVG: 492+ 223+ 12.1+ Sl+ 234+ 127 522+ 245+ 132+
STD 15.9 6.8 3.4 13.9 4.5 2.7 13.1 3.7 2.5

4 % * NSCLC=Non-Small Cell Lung Cancer ;
SCLC=Small Cell Lung Cancer ;
PTV=Planning Target Volume -

TH 1 V(%) : Percent Volume of an OAR Receiving Dose = X Gy ;
MLD : Mean Lung Dose ;
AVG = STD : Data Presented as Mean + Standard Deviation or
Numbers; with Percentages in Parentheses °
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4.3. $HME IMRT iaf& 3 4 V.S # i £ IMRT ix %3 &

WiEsat IMRT inf -3 > 2dp P o 11 B8Rk 39 W20 5 b
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i0f 35 % 20% Functional Lung BB 588 4% © 3 @ B & £ % 32 (Relative
Dose 50%~ 80%) » # it 1+ IMRT 7% 3 4% 20% Functional Lung ~ 7%

Lagiie AL

65



Esophagus + NSCLC 5040 cGy Transversal Esophagus + NSCLC 5040 cGy Transversal
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4.3.1. "8 B £ 7=

WA E RER 0 ¢ 450 90%E )30 i(CI) ~ 353 4 d(HD) ~ %
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CI= 0.75) : F 2 fp 61 4 35 5 45 #ic(Patient 4 5412 IMRT i
K3t : HI=0.14 - #5042 IMRT /55 3+ % HI=0.13 5 Patient 7 it
IMRT ;5% 2% HI=0.14 > # & #2 IMRT ;5% 3+ 4 HI=0.11) ; /& _PTV
SEUEIERR SSESEIREE (SN IR S R e AT/ i R E R S
Fipdcil g v Biie R R R AT AL S g YR (90%
CI4p £ 0.01~0.21, HI 48 £ 0~ 0.05)° $13*# it £ IMRT i 3+ 4 &2 %
H2 IMRT i35 3+ 4 /B 72 6 dp it k3 # i 1 IMRT 35 5%
PR g g (10/11) 0 353 dpdc g vt ids (9/11) 0 i
B MAE < P TRy B o R R BB AR AR i AT

FETAEBT T RAMG; ¥ b mE sk R IR 5%
67



FOMOE R TR S LA Y M A R X R Rk

FWie R {RI2ENY -

68



% 6. B IMRT B3t F V.S #i0 & IMRT 558 3+ % 6% &)

e ©

Ik

Anatomic Treatment

Functional Treatment

Prescription Planning Planning

Patient Diagnosis Dose (l:i‘;) PTV PTV
& 92;/" HI MU 1\({;;“ 92?’ HI MU 1\(4;:)“
I NSCLC 6000 62.1 034 008 741 102.6 031 0.1 999 102.6
2 NSCLC 7400 119.5 0.68 0.07 387 1019  0.62 0.10 724 101.9

5400

3 Thymoma 2167 056 0.0 513 1023 053 0.15 605 102.3
4 SCLC 5400 2535 056 0.14 551 1022 047 0.3 1182 1022
5 Thymoma 5040  260.7 0.57 0.2 517 1024 052 0.15 705 102.4
6  Esophagus 5040 3932 064 0.1 734 1024 075 0.3 790 102.4
7 NSCLC 5000 639.8 0.66 0.14 1060 100.9  0.64 0.11 1163 100.9
8§  Esophagus 5040  660.6 0.61 0.2 960 1025 040 0.2 973 102.5
9 NSCLC 5000 7166 0.67 0.09 867 1019  0.60 0.13 1291 101.9
10 %ﬁgg‘f‘és 5040 7328 0.67 0.09 962 1020  0.66 0.12 1074 102.0
11 NSCLC 6000 8049 0.61 0.10 1367 101.1 047 0.12 1302 101.1

‘f’ﬁ@, : NSCLC = Non-Small Cell Lung Cancer ; SCLC = Small Cell Lung
Cancer ; PTV = Planning Target Volume ; 90% CI = 90%
Conformity Index; HI = Homogeneity Index; MU = Monitor Units
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432 ’#‘E‘%‘{A}%'uﬁf’?ﬂlﬁglfé

g 11 R S R s Bl S I IMRT (53t & fort it i
IMRT ie R+ R "% Bl t ¥ B2 2 E BT HHAE L T 2 dem

= ‘é-ﬁctﬁﬁfﬂ/‘% 7-1, % 72, % 8-

% 7-1,72 3 B IMRT in 3t & & # it M IMRT 5 R 3-& 07
FRET B WE R G R A ERE AR B) *#.%; s & (Patient 1~ 6)%
B % A R A R 2 # I IMRT ia st &0 iU PR S B
AW T g AR R A E A R (V%) R F > 55
H 2 R B AR © 0.36% (Patient 1)~ 9.65% (Patient 5) » . V%15 &
H 2 REEAT B 0.68% (Patient 1)~ 3.02% (Patient 5) &5 ch-T 12
#8751 02 Gy (Patient 1)~ 1.8 Gy (Patient 5) » @ & > & * 5 it
RIS AR R 0 g BT RS RS S kR
(Patient 7~ 11)% Jg & % # it 7 H i 8- £ 2. # st 42 IMRT /2% 3+ 4 o

ﬁfi g

B B TR ORI R AT R 2 (RSP A R RATRRAE H Y A

N

AR T (Vs%) 15 5] B B SR AR 5 0.14% (Patient 7)~ 12.38%
(Patient 11)> & V%15 4% € PR 58845 ¥ & > 2.7% (Patient 9)~ 8.54%
(Patient 8) » & §_#A % -‘_J—':E[Jiﬁ BIE @ deend 4o 7 AR SR 1.09%
(Patient 7) » @ &% chTE2HE ¥ 5 1.06 Gy (Patient 10)~ 2.7 Gy
(Patient 8)» fe &_f K 4 5 (] 7 e L SoH £ £ @ # 4c 1 0.66 Gy (Patient

7) > % R b4 S B PR AR 27 5% T 20m] B vk Bk Se L & R R

T8 2 G5 T oM B D RO -



% 7-1. B4 IMRT i %353 VIS # i (L IMRT i 3+ & B & &2
BT R R AR SR B 2R o
Anatomic Treatment Planning
Patient Dignosis Total Lung Dose 20% Functional Lung Dose
Vs5(%) V(%) MLD (Gy) Vs(%) Vi (%) MLD (Gy)
1 NSCLC 11.62  7.14 3.89 511 2.68 1.69
2 NSCLC  26.74 17 9.36 18 9.71 5.6
3 Thymoma 50.63  18.67 11.07 40.61  15.87 9.48
4 SCLC 2527  17.86 9.44 16.14  10.64 5.81
5 Thymoma 4738  16.8 10.38 2921 833 6.04
6 Esophagus 4191  16.25 8.6 27.05 8.5 545
sk iPY g o e
7 NSCLC 664  30.37 16.71 67.45 3125 17.1
8 Esophagus 34.47 1838 8.77 383  21.85 9.93
9 NSCLC 5771  25.68 13.23 45.01 1932 10.24
10 lisgglgfgs 62.14  27.17 14.42 64.17  25.96 14.14
11 NSCLC  46.79  29.55 17.83 3134 133 9.28
wassD Ny % Ml i mae b

V(%) : Percent Volume of an OAR Receiving Dose = X Gy ;
MLD : Mean Lung Dose -
Data Presented as Mean =+ Standard Deviation. ;
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% 7-2.

i
w =3
B

B IMRT J5 B3t % V.S # it (2 IMRT iof - % R » & &2
o R R R R ER o (KE T-1)

Functional Treatment Planning

Patient Dignosis Total Lung Dose 20% Functional Lung Dose
Vs (%) V(%) MLD (Gy)  Vs(%) V(%) MLD (Gy)
1 NSCLC 10.89 5.77 3.55 4.75 2 1.49
2 NSCLC  20.78 1491 8.55 12.94 7.71 4.72
3 Thymoma 41.05 15.16 9.10 32.02  13.28 7.77
4 SCLC 2451 16.20 8.86 14.96 8.36 4.94
5 Thymoma 37.97  13.18 8.3 19.56 5.31 4.24
6 Esophagus 33.37  12.65 7.09 19.43 5.8 4.17
AVG+ 281+  12.98+ 7.58+ 1728+ 7.08+ 4.56+
STD 11.45 3.77 9.04 9.04 3.77 2.01
7 NSCLC  66.51 31.51 17.38 6731 32.34 17.76
8 Esophagus 24.23  11.62 6.39 28.07  13.31 7.23
9 NSCLC 50 222 11.96 3759 16.86 8.94
Esophagus
10 INSCLC 60.95  27.77 14.29 59.15  23.26 13.08
11 NSCLC  36.39 27.6 16.61 1896  10.08 6.87
AVG+t 47.62+ 2428+ 13.33+ 4222+ 19.17+ 10.78+
STD 17.42 2.75 4.42 20.49 8.84 4.62

V(%) : Percent Volume of an OAR Receiving Dose = X Gy ;
MLD : Mean Lung Dose -
Data Presented as Mean =+ Standard Deviation. ;
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L 8. S IMRT 53+ % VS # a2 IMRT iR % 0 % sz
BAETHEAMMEER S ME AP L 8 LpHI(3 f4E3
G 3 A 1) -
Metric Anatomic Planning Functional Planning P value

Total Lung

Vs (%) 42.77 £16.97 36.97 £17.05 0.001

Vo (%) 20.44 £6.99 18.12 £ 8.11 0.005

MLD (Gy) 11.24 +4.03 10.19 £ 4.36 0.003
20% Functional Lung

Vs (%) 34.76 £19.21 28.61 £19.45 <0.001

Vi (%) 15.22 +8.59 12.57 +8.85 0.004

MLD (Gy) 8.61 £4.35 7.38+4.59 0.002
Heart

Vio (%) 16.75 £ 15.05 21.87 £23.12 0.08

Mean Dose (Gy) 16.7 £12.78 1731 £13.95 0.2
Spinal Cord

Maximun (Gy) 41.58 £5.73 4331 +4.5 0.2
Esophagus

Vis (%) 20.36 £16.14 24.15+17.36 0.2

Vso (%) 11.57 £ 16.95 11.57 £16.96 0.8

Mean Dose (Gy) 1534 £9.23 16.22 £9.31 0.3

Vx(%) :Percent Volume of an OAR Receiving Dose = X Gy ;

MLD : Mean Lung Dose ;
Data Presented as Mean =+ Standard Deviation. ;
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(B IMRT i5 B3> % V.S # av f IMRT 35 B - & o4 it 1% % 2 R
% % Vs% > V% > MLD P Value #<0.05F P A £ ). B 26 5 < '6

B 0 S HE IMRT 755 35 & V.S #4012 IMRT 755 3 & W 308 £ 3%
fo 53t B GEHD AR S B bt AR B % 2 i (L IMRT i st
ERRREE G b i P20 R g SR ST G AR o (B HE1E IMRT
et E V.S # i B IMRT 53t & # w #2% % Vs% P Value < 0.05
FRLAR) d LB AR R T RS R A
SHP R BHERE MLDAE S g P AL ;;‘wa’@iﬁﬁ "
A AR B g M T Bk TR B 1 7Rk IMRT et &
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Rz AR o
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China Medical University Hospital, Taichung, Taiwan
Tel: 886-4-22052121 ext: 1925 Fax: 886-4-2207-1478

Expedited Approval Date : Nov. 11, 2011

To : Chun-Ru Chien, Division of Radiooncology,
China Medical University Hospital

From : Martin M-T Fuh MD, DMSci.
Chairman, Institutional Review Board

The Institutional Review Board has recommended the approval of the following documents:

Protocol Title : Pulmonary ventilation image from four-dimensional computed tomography
CMUH IRB No. : DMR100-IRB-216

Approval of your research project is, therefore, granted from Nov. 11, 2011 to Nov. 10,
2012, and has determined that human subjects will be at risk.

According to Taiwan government’s regulations and ICH-GCP guidelines, by the end of this
period you may be asked to inform the Board on the status of your project. If this has not been
completed, you may request to send status of progress report two months before the final date
for renewed approval.

You are reminded that a change in protocol in this project requires its resubmission to the
Board. Also, the principal investigator must report to the Chairman of the Institutional Review
Board promptly, and in writing, any unanticipated problems involving risks to the subjects of
others, such as adverse reactions to biological drugs, radio-isotopes or to medical devices.
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