WA A =g x| =0l Ofst

[ =]
HaxNaMsg B

OH

Ux &=

ol 7

1ot

o

A Y < e 8 A AL e

2 4 4

UARXE AR JES AFHeR Hg £ e FUYAFTEE (Tumor Control Probability)
o AANZA £AE-8( Normal Tissue complication Probability)®] 4382 @A 28 fE38to] H#HA}
AYAZHAE(3-D conformal radiotherapy) E#HE Hrteln 11edt SEAGH dA4ARE I3
gt FAAEAZH ] dE3 FIAFY S 2 A5 NG FFY A2 YA

o

wAbA g AH=Zr)e) wizd ¥ w37 Z(Parallel architecture)2 TAE A71%F 2ANZr}
2 ESS ez ‘?:]11]7“5321 o] W& AFMFE¥EE(Dose Volume Histogram)E 33}
4 w5 A8 HAFEH(ADAC-Pinnacle #3)8 o|&38le] Aitstn Z AFud AFJEXE
Bde] 4E& =83 s .

% %A 8 & (Tumor Control Probability)® 3-4%32 £4%8&( Normal Tissue complication
Probability)2 #AHd gkl dfgt AEAEFAe] oA g (error function)& 7B S o028 A%
AHAAE AT A g oz PN AFHNF & a3 wet 47 Adsdo .

Ao HAA &4E BFE7] st PAMAEE B2 Bzl A AYH Jd+E 9
o] FFE o] &S WAMAZAEY S UA2E, #7] 3F, 47 IAYAXNEY 9|3 AFH 5%
AzF A5z FEstdon YdAzPAsE FFYH 2FY AY7147](Varian Clinac-2100C/D)
9} g Z3vlol el (Multi Leaf Collimator, MLC-52LS)& ol &3}t

AR ZANE O] i E AFAFREDVHE FIF T2 A0 AL AN FS
AfH o2 FAAFUAT.  FRe] wAM A gA TCPY NTCPY AAQAE 0328 ol &
ste i dg2g JAXE E 5EAAAZNAN FAFAMFE 50GyY W F49 TCP: 47 0.763
T 079301 A2 F4zre] NTCPE #AZ 01569 0.0082A 44 & o] 7Msstdx F%
Fol Aol 70Gy 9 W F49 TCP: Z4Z 09829 09%2AM F LA fo] 83 MFold A
AL NTCP5 7}zl 07259 0.1422 4 @A Aol7t Ut &EdE BHFEE 7|Eo = 3
Row HEFFZ NTCP o BAE dEvstya YA 27" (Threshold value)& T8
AA Tt

DVH& &3 822 TCP, NTCPS & WAXAEATRE APT & e AFHEAYEL
E 7beAdel v AZtdc 2% A74xag g 23sia dd AT AE 2T 7
JEe YAzPARES ¢, H, NEF GAA HEwgAv|o Hgstel DVHS TCP, NTCPE %
A Hzg ol &3t HAgonA ANaAdHe] oF FIMFY F7HDose escalation), WAHIF
9 AR R PR S BFH A2 HHE F sl BAAAEAAFA G 714
g g Uda AZg

AW AN AAZYAR, FIAFRL, APEALPAS, WFAIREIY
YR TE, AARETFE, N5aY

227

A =2 A2 doz A3 A7t AgE] F/HHA 9loH
s AzIE B EREHY HHEe dAH Qo)

Qolstzel MIAH HM4Z. 19984 12%



228 FH:

A Az &4 F7) B2 oF @sia]

A% weo] BYYol FPHD gom ARYHL

ke 71Fe 4R AHE dAGE o) F

FAaye Fag Hqoz 4@t
PAUAR 4B 712 aahmi B7k3t7)

Astel PAdF) UF AZAETVEG V52 ¥

AR A

Al gt 2 X} &H<F (error function)9} da‘;
A AP AE o] &sld FUXA

Control Probability)¥ A4z3 £
_Tissue complication Probability)} <=8t

(Tumor

(¢}

[<]
nin =

4+ 8-8( Normal

H BAAL

2
&4
al

FE&A

Bz &4 AA2AWY 2AE F 9
AMAFFF FAMd o] zAR A7le) ¥3( irradiated
volume)oll wetr #ALHd E/F RAEL A 3}

ol7} Aok, WAMAFEH AHe) 93 Hr)e] &4
= A% AH g7 (dose volume effect)d] A##AAE
433 BEZstd dA7A AAE 484 myzs=
T Y% dFxAHhomogenous irradiation)o A &
5| power law®] AL Qow Mo wE HRu

S (integral response)E Werdt} 53 z3 o} #
719 FzMdL AA a3 (volume effect)dl] st
FEFS F71 WEA ArIE TS dE VL
AH(functional sub-unit :FSU)®] wjdel wre} W&
Z)(parallel organ) Ei 2 H37|(serial organ)ZF
Eote] BARd WA e} Aojrt A

Heuh  AF3Ze FAFAI|AME v)ex
(threshold dose)l3tel 4 @ Wst7t flekrt 7 o] %
o] Aol FAHW YAYAAZ(single critical
volume)°] #IHW AAY FHZFo] f¢ & F gl
= A7lgeltt. Aoy 2 A 2 HPGI
Me B 9 7% 437t 884 #Hinactivation) 9
olokgt H|ZA Fr|E %(orgam
< 7 A7 WE FAH FRFE WARA Fo)
7hedd e AAFHow fdE 4 e HAEuS
Raanii=o

HaAdre @37 Hlﬁﬂ ANA gt 433
27] qE&d AA Fr)e ¥ REFHoZ YA}
Mol ZAENE e PAE WAGK) FuH
o] 2L AFNME A FHZ9 B4 Ao
axtg Zadds Sidg ¢ o olgp e o2
s Y A8 W Az dAHNTE FESI
HEAFIAAN T JFHoZ GAHE ZAG

=y
©

Lo
=

oletEel MM M43, 1998 12

WAL A=y =ol thEt TAN TR HY=HLMago] Aft A7

A 7R AdEYd 53 glo] FEAAA
o] o] WALM ZAM} JhEsithE RS 9n|E]
HEo 33 JAFLARIARE 7MeA e F
83 EE‘”—“ TAE AFsA HAh

3219 AR YA ZGLKEREHE 3-D conformal
radiotherapy)= 71&9] WA &R 84 AL
AZFEES F9 A 229 WAL ZslE 543
AN7I9A FARYe FIFIATE ol& 3AUFH R
AAste Had A A S AN F A=
AN A Haridezrt ¥ AFesd 2
141] ARG R, 14 AFEHGFTEIGAL 2

& AFHIZIsY 5w dAoz 339 AN
ﬂ AE AN F o ol AFHYL F e =
2PN Rdstd AFEFEIZA AL 9
3t} Ags] AYY 5 U,

@

58 9Eyde ST b3 s
FYFPe} Stz RuHn YAW A A=

olgt & & e gAA F&ol BT W AT
2329, %9 Ay, 259y oA Fo, A
A7 888%™ -lipiodol, Ho-166¢ °]¢3 X
BEYTF 48 /1A & A3 50 AEHIE oy
OPANA = FHE ABAHHY MHE o)FA Rt
Ark. BFol, WAL 9§ 7o XA} &
oz APAdolA olm F FHEH JYFAE
T3t BARAC ok A HEF) S BAH A
ol d4doz 7igte gt WAL EE F3)
dHod o]&H1 Q3 Y4 ABAHA IA AF
AzH AR, olAL RAAY @AW,
A G 9 E%ﬂ‘—} E3d AsFer QA
715 Ast, 28 ¢ agresswenessv o8 7t
Al o7 UARAA N aAFAME fF-EL AT
g T/F I WA X5 Al Zl%}—?.: A ALA]
wFY nHFE 2AMEEA X FdaR
HAgnx E 4 o dAB NERLE
WA iliiﬂ}% F2NE F U= i%
EH PAAEALE “‘%OP
29 144 HHod FH/E HJou
Al AR d e Y R “ﬂjﬁl %}*—
e AE9 —rﬁlako} ulA} A E° Igjx]

A=

ole] A WM A&
7t 3 g de HEFTde AFH

r-\r‘«rﬁi"rlémimfll'&:l

&2
H
B =
2

qFgHor 9
AH e BAAE



FH4:

Ueldl= dose volume histogram(DVH)3} tumor
control  probability(TCP) 2  normal
complication probability(NTCP)¢} 2L AE53 A
¥ (biological indices)E& F23 sl ol& 7+ 24
o Ag3d HilsHA AYNE FES HIEsa
FHUAY A7) AN FEE FAATEN &
ot AFAQN nAFe FTIANAFE St
FAEg 7 9= 334 A 2PN EHE MEsto
ZFFo) NRAHE 4 AN DAGHED,

tissue

0

2

Al al I:ci>|-ll:l=.-l

[ =] <
1. MM 2 Z 3 M(Dose Volume

Histogram) ¥ 7}

WAL S A ZAME A9 AAUEZRZE Fe
AHeow @ zZt AFaAH(voxel)d FAHE
WA FE Ao BA SAAFR 22718 A
g $Adoz HYTE ¢+ Ao

AN H 72 AA Y FHNFHYE Smm
A9 g ddgdHd S d&F 2x2mm FE  5x5
mm3 79 HAH A (voxe)E ¥HER(matrix) A E T

2

€ St AFEHE A5 4749 AHLAHvoxel) 9
2 % ZH(density) &2 A5l wkaLA
Fe AMEE 25 £x3Ee FAAAE + A

YAZY PAAAES HFARE FFIRSE
2 3w PR £PRLE PAGOEA PAA

ARS At HokE AqULen GeRE
Wl 7 A4 g7l e AFA

A B2y J(dose volume histogram : DVH)°] &7
|

AEFAA EXZHDVHS WA b A
A2 2Hvoxel)d] AL Z  FEASE cumulative

DVH W3 A= WEd o2 HH ¥zs= §
Al&+= differential DVH ®¥¥lo g FE3o Hrg
T UTh

AA A4 A7ie] HAANAH BEXIH9 A&
A71el AA AHoA X 75ZE %A A (planning target
volume) & A2e Fo=w ZAASGow F9 A%
27 2 Fe4ve g ARAY RFIHE 2
& Wio g &P

olat2el M9H X435, 19984 12¥

WAl Az EL S SAXAFEHEN YY=FHY

Atatgo] A AT 229

312 (Tumor Control Probability)

U 23 ot E G A EY AEE FAE A
AZA 7]Egke ESA @ Al
]’é‘ 7EA W AAAES] 75%014 Al
2( complete remision)HHZ A
47&'327—‘:-4 A4A &3l oW

158 FYXNaAFLE AFsn F
*d g AYAFE A #4ch

23y Fe AHee FAEFA A FolR
AL g opyEl F 9] A7 (volume)$t H A
el td=2v x39 TG wel 43I WEE
Zrit}, uwebd WARAY g T AFEL Z
FgzAd dI} AF-AEITAY FFY 271
AHagd st Hrt stojolsin o] d&go=
ArZsta] Fgo X8 ZHRE dF E Hukg,

i

HALA G & A7V 239 AERE HEE
d&gd F AE  FEYAFESE(tumor control
probability: TCP) 24L& th&3o] X3t

QA A7 AL F5PFHoR wg VTS #H
9l 712Gz (FSU : functional sub units)E=
FAHNeH Z+ AL (voxeDES B FSUE
g TFgstnglen #F AP TAHNZFEELE
Zrelttm 7hAgee, WAL 9 d FSUS wHE&
Ay £ 715982 e FEIFGE AE 9 F

tAF & AE AAE ¢+ Yo
%9l FSU( a clonogen)”’t @A ZFD)oNA
g & ( PD) )& A2R)=FH(S-shape)o &
232 0 F 1A 2 A geAR e Hor FAYr
p=

P(D) = 05°
S = exp{29 * v5 * (1-D/Dso)

Fr&o] 50%HE AFolH vy
71&71E EA ST

FSUE= =94 7% Q7] WA 1T
9] #39&& F TCPE 7N/l FSUY Fold
o 37 A H2x(voxeld] EATE BEE FSUS
2o HAge wrgow AALAY Foz EHZPEJ
ATt

AA
g}\o



230
TCP =] [P(D)]"
k & 299 MHi2x AAFoln, D, =i WA A

Az d#goln vi =idA AHaxe] av)oy,
@2 A7) 4A dFsd ogngo

Basty RHe g,

TCP = P ( Dw) ~  ——mmmmmee- (@)
AFAHEEE(DVHE olgste] TCPE AHHZ
AME B¢ @40 BYste pusn AE

AL (42 & ol g3t Aagn,

3. Habx=A &L 2(Nomal Tissue
Complication Probability)

WALA 3 AdzA e e 22
Z ( serial or pallelel architecture
gEn FAza AH i gk wa}

= s ETd goz AEd Mg
(dose volume histogram)-g ©]&3t= Ho] v}
o

422 &8 (normal  tissue  complication
probability)& &3 £A&2 HNHgHg A T
22X S-23¥ (sigmoidal shape)e] ¥lgHdow
7bet o= 89 2 X}¥ 4 (error function)d Ao

2 435 a9 ANst A

=
, £
x E oL

NTCP = 1//2n flexp(-t¥/2)dt
oA Y2 EA 5

NTCP = (1/2) erf(t/y2)
4714 t& g ae] ozt

t = [D - TDs(v)] / m*TDso(v)’

stz MM HM4Z, 19984 129

FHY: SAY ATYAFO QIF SAYFASI YA B A7

047]}‘-] TDSO(V)% '?"'E"‘ j—ﬂZ(:‘ ( v = Vi/Vref
i3k 50% -84 F(tolerance dose)ol™, mE HAF
AEFZHY 71€7] & AFAREd Hgets 45
o|t},
FEHOR BALAE we Ao JeHAHe A
ume factor): no] #A L} =
TDso(1) = TDsp(v)*v"
(DA AN FEAHE ver S3A 272t}

Vet = 2(DVD)™ * v

(NAAA
At

TE A% Der th52 3 ol AN

Derr = [ ZVi(D)V"] ™

A9 FHAA TDE HAMHC did &9 g
F(tolerance dose)©]il D= -+ F.4) A 4 F(effective
volume dose)°]™ TDs(v)E A7t LFEAFH(v)
A2k @Al o] AR o 50%91A @HFo] #ud
T & W-&H F(tolerance dose)o|t}.

A AlA n e HAFHARHvolume factor)o] i,
m #$#& AT Rz whid ZAA dhapd st
S SANEFAY] #AAZ YegdE sigmoid=A 9
1€715 9ujgitt QA F7|o g nt me3k
€& AAY g4 ARE(Emami's data)oll FA3sH]
Burman &°] AAlg FHES AL 2™ Table 1
< 7 #, 2% didk n, m, TDsx /B2 ZEol
o)

N

ol

4. S=

tlo

ooz AL X =2 A

Jet

JA FAAZPX R AHRE Hristr) Yetd
AFol 24zt 18kg, 1%egd HFTE wHAIYN F UYF
2 AZd HHA R 9ol lateral decubitus® ¥
% GE-98008 CTZ 719 #=9 EXE o] 10mm
AR 34U dFAAE Fgsd. 942 A
Y2 (magnetic disk)ol %318 & o]& 3z14
AR EAYE AFEHEAQ

Pinnacle® (ADAC



FMA: YA QA=FA ROl HE ZAYAFHEN HA=NL44gZ0] BEH AT
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Fig. 1. Dose planning descriptions of axial, sagittal, coronal cuts and 3D image with doses overlaid by paraliel

opposed field.
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Fig. 2. Dose planning descriptions of axial, sagittal, coronal cuts and 3D image with doses overlaid by

3-dimensional conformal radiotherapy.
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Table 1. Biological parameters for parallel architecture . Bose Volume Kistogram
organs. o \{
Organ n m __ TD50 a/b :_, ™
Liver 0.32 0.15 40.0 Gy 3.2 . -_\\ =
T 2
Lung 087 018 245Gy 4l e S — :
Kidney | 070 010 280 Gy 20 0 I B
o \ ............ \ e, \\\
- . . . . . ° \ ‘.‘.\‘
Table 2. Biological Indices by Radiation Therapeutic Mode od \= - L | A\ &
in Hepatoma. " Bove (el ' ~

Beam Dose TCP NTCP
hepa- |normal| Rt. Lt.

mode (Gy) toma | liver |kidney |Kidney
parallel 1 oy | 0036 | 0.156 | 0.136 | 0.082
opposing
3ports | 50 | 0095 |0.102 | 0084 | 0.034
rotation | 50 | 0.103 | 0.084 | 0057 | 0.032
4-field 50 | 0.112 | 0012 | 0.010 | 0.002
conformal
o-field 5y ) 125 | 0.008 | 0006 | 0.001
conformal
parallel | 70 | 0599 | 0725 | 0667 | 0310
opposIng
ofeld ) go o732 | 0342 | 0085 | 0.024
conformal
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4 AZP2s Jdgde AFANEETIA
(DVH)S.2M FFo giet AFRE= 714 100%]
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Fig. 3. Dose volume histograms for the target volume and

adjacent organs in parallel opposed field ( 1 : tumor, 2

normal liver).
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Fig. 4. Dose volume histograms for the target volume and
adjacent organs in 3-dimensional conformal radiotherapy(l

: tumor, 2 : normal liver).
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Fig. 5. Tumor control probability (TCP) by radiation doses
(50Gy, 70Gy) and treatment methods ( 5CF :
conformal, 4CF : 4 portals conformal ROT :
. wedge 3 portals,

5 portals
rotation, 3WT
2PT : 2 portal opposing).
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Table 3. Patient’s characteristics.
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Fig. 6. Normal tissue complication probability (NTCP) by
radiation doses (50Gy, 70Gy) and treatment methods ( 5CF

: 5 portals conformal, 4CF : 4 portals conformal ROT :

rotation, 4PT : 4 portals, 2PT : 2 portal opposing).
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Fig. 7. TCP and NTCP of liver as irradiated doses for two
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Fig. 9. Relationship between doses, NTCP and radiation
hepatitis.
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Study on Tumor Control Probability and Normal Tissue
Complication Probability in 3D Conformal Radiotherapy

Sung Sil Chu, Ph.D.

Yonsei Cancer Center, College of Medicine, Yonsei University
Seoul, Korea

A most appropriate model of 3-D conformal radiotherapy has been induced by clinical evaluation
and animal study, and therapeutic gains were evaluated by numerical equation of tumor control
probability(TCP) and normal tissue complication probability(NTCP).

The radiation dose to the tumor and the adjacent normal organs was accurately evaluated
and compared using the dose volume histogram(DVH). The TCP and NTCP was derived from
the distribution of given dosage and irradiated volume, and these numbers were used as the
biological index for the assessment of the treatment effects.

Ten patients with liver disease have been evaluated and 3 dogs were sacrificed for this
study. Based on the 3-D images of the tumor and adjacent organs, the optimum radiation dose
and the projection direction which could maximize the radiation effect while minimizing the
effects to the adjacent organs could be decided. 3). The most effective collimation for the normal
adjacent organs was made through the beams eye view with the use of multileaf collimator.

When the dose was increased from 50Gy to 70Gy, the TCP for the conventional 2-port
radiation and the 5-port multidimensional therapy was 0982 and 0.995 respectively, while the
NTCP was 0.725 and 0.142 respectively, suggesting that the 3-D conformal radiotherapy might
be the appropriate therapy to apply sufficient radiation dose to the tumor while minimizing the
damages to the normal areas of the liver. Positive correlation was observed between the NTCP
and the actual complication of the normal liver in the animal study.

The present study suggest that the use of 3-D conformal radiotherapy and the application of
the mathematical models of TCP and NTCP may provide the improvements in the treatment of
hepatoma with enhanced results.

Keyword: 3D conformal radiotherapy, Tumor control probability, Normal tissue

complication probability, Dose volume histogram, Parallel architecture, serial architecture,
functional sub—unit

2&tse MIA M4z, 1998 12¥

245



