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1. ¢ 8 em 372 E5¢ &, =l

Z4] A AFA ERHEE DVHY SAIREE A
2D%} 3D 7+ AlgHE W3 HolE & + itk 3D
AlZe] 75 2D AlFol vigiA o FL AF0T emyE F2
AEAZE Afenz Fohlolla HddAdS A7t Hof
A Fe Bck AT Fx9 Xolw o} ZE
SollA 95%¢] SA = (isodose surface)o] HA| Fokui o)
98.7% o|AHS EaE=(VI5>98.7%) Ao T vlehybrh(Table
la, Fig. la).
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B8 2 500 1B BXe 3N UMIE NSE AS HU F

A=A F A4+ DVHE AHHEH 2D A8 Ayl
Hjsle] 3D AlFo] HAF B9jelld 245 E £3L o,
oF 50 cGy o|d<] AZE2lollAE= 2Dl ulsto] Az H&
Ae] z2A=EE Aoz JelddiFig 1b). AR
59.4 GyE ZAE w9 NTCP7} 2D-2¢} 2D-3 AlQo)A 7+
ZF 5%t 1%2 Vel o} o)7e] 3D X gAY E BF
0%2 Yelstch 72 Gy7kAl A%E7HE Al ol2idt 73
o] tS FelslodAE B5S o 2D AR A9
= Y 2AEE o] 83l 3F =AFE A8l 3D A
Holl vlste] v-¢- =& NTCPZLS Wb HTH2D-29} 2D-30014]
NTCP7} Z+Z} 27%, 8%—3Dol|A] Z+zd 1%). L <)o) V83,
V85, V955 2D AlZol| ulsfA 3D AR s3] 74}
© A¥%S HYlok dlE 50l 72 Gyl 2A4=90E o Va3
o 60 Gy o|d<] AFo] 2AHE dd 229 AFL 2n|
344, 2029} 2D-3 AlFA zHzt 3%, 15%2 o] 3D Al
HollM e 792 sl A2 Jelddh F2 adz =
A E AsiEE D59 S 2Dd| ulsiA] 3D A A
Soll Zaste AL &+ Jdglen, oF 10% AE Zishe=
Aoz vebdcl A=k 7k FAzAw 2igk, Hoigk &
< HUigkF} A4k Kol ol m|lE AolE vieh
A Fhe Aoz vehgeh e Azl BEgke 2D Al
Foll vl3le} 3D Al¥o] RE AF=zA A T Y s
HrHTable 1b).

A7kl ZSolle B nlsiA Bok dxd Aolg B
itk DVHE A2l BE Azd9ellA] 3D AZo] =4 A
o] dAs] wgkow(Fig. 10), SAIFY AT vlrAY
ok 2A%F 72 Gyd 7% 2D Al NICP7l 24 6%t
41%2. 3D Al 4%9 8%l vlshA WAE] T FFS
HgjcHTable 1b).

AR ZXE vPA7FAE 2D Algel] vlafA] 3D AlFe]
B HellA 253 g Bglou) o] follE 72 Gyoll
A|9] NTCP3to] 24%9} 29%% Jeh}s AL & of o] ¥]&
HEE oTjEtE A%E7HE Alshd 3D AlYe Agst
A5 A7 £49 TheAol Yg ALE olZE|gchTable
1b, Fig. 1d).

3D AFES AZ nlasle] BHYS o) 38 2AHEPY
TEHAA 28 =4, uZellA 1R 24 AlRe] 47 =4
ARG 2A% 17, % 55 2AL 1F, % =
ZAk 28l HjsiA DVH 4 BE 79elld 953 Ao
E el NICPE BE 75l o 32 28 24k
e FAIRE v Ak 29 webA o 6~8 cmg)
PIVE 7121 Z59f Zofolld Belx] A3 Zako] FZo

A 2EzAkE A HIEelA 1F ZAlRE A
F AR AIUEIE A4 3E 2Nk Aoz AR
StH(Table 3).

2. 9 4 em2| E{0{72t AR BY

FSANME GA 7 ARl viel DVHY & Xol & Ho)
A ggon, BE 73-5ollA Vo571 97% o] 4= ALE
el cHFig. 2a, Table 2a).

x5 F4%o] 54 Gyolr] Wil BE 7oA
NTCPE 0%°]%3 wiztA] Z4+ 2 NTCPEE 7 A¥ES
H|Z2% ¢ ¢iich DVHE A= H 40 Gy o|dellAe A
9] BE F3ollA 2D AlEell ulsl 3D Al¥e] GAA
ke H3ick V859l VosgkE A4 el H7kellA] 3D AlY
o] vif- W FFE Hylow, 2D AYA TR =Aok
£ A% 3D Aol vigiAE oF 3~4ull 22 Fhe BN
o &7 F4ake gel B4 Dsvb 2D AlFEd 3D
AZollA AAsA dolA= A & 5 AcH2D-2¢} 2D-3
olA Z}zF 102%, %0% — 3D AR 53~60%)(Fig. 2b,
Table 2b).

H7ke] A5 3~5708] =ZAobE AEE 7-Poll 2Del i3]
Al 9F 3~4uf] -2 V85gkT 7~118] 2 Vo5zHE B o
v, TS zARE AR 7ol V85 2D-2¢9F wldt
17%7 A, V95& 6%7A Z7)slgct HE Age o2 3%
A AR 55~78 cGyHErl =2 112 cGygem, o]& 2D-2
2 2D3 Al¥ETE 3] =& ZrolglcHTable 2b). 12
3 o]23k 42 DVH BollAx Iz diedgs ¢ + 9
SAchFig. 2c).

AlA7 ZAE Blol719E A Fokat ols- 7ol 91X}
2 2D 3¢ 3D Al¥E HEI}L AolE HolA] ggtow,

B9 AFell AL 100%2] Ae] =Asle AR et
o}l NTCPZIE 8~12%E B|x%d =& kS Ho|o, 2Dg}
3D AlE Aolol] & AolE vehHA EJchFig. 2d, Table
2b).

Elol7|t AF- £%9 %5 2D Al niste] diF-E
7354 3D Aol 739, 3D A¥FNAE FAUE
3D-37} 7} 9-=8l¢l o1}, 3D-5at} 3D-5bof] ulsle] F o)
E HolA| &gk, A4+ 9 DVH AollA: 238 3D-37F
OFZ U & A% FEFE ) o] ¥9le AESUH 9
o7t M2 gle F%sol thidsle F9lolx =8 3D A)Y
025 AAAR ZAE ALelrt ulg dERE A=z
of et A%k £3F7} 9% 3D3, 53, 5b 3 AY F F
Foll gt A% X9 Bgo| /M $5Y 3D5HE EHA
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(a) Tumor (b) Normal Brain
100
80 F
2 60 ---2D-2
§ —=3D-3
20 | — 3D-4
0 N 1 . L 1 1 L ; sanlil
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 130 200
Dose(cGy)
Dose (cGy)
(c) Brainstem (d) Optic Chiasm
100 100 Al
80 80 |
2 60 2 60 | - 2D-2
£ | - 2D-3
R 3 0 --30-3
20 20 } ~—3D-4
0 " 0 e
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
Dose (cGy) Dose (cGy)
Fig. 1. DVHs of radiotherapy plans for temporal tumor.
Table 1. NTCPs and Dose Statistics for Temporal Tumor and Normal Tissues
(a) Tumor
2D-2 2D-3 3D-3 3D-4
D95 97% 99.5% 98% 97%
V95 100% 100% 99.8% 98.7%
Min 172 170 158 160
Max 187 191 190 192
Mean 180 182 181 182
(b) Normal Tissues
Normal Brain ‘ Brainstem Optic Chiasm
2D-2 2D-3 3D-3 3D4 2D-2 2D-3 3D-3  3D4 2D-2 2D-3 3D-3 3D-4
NTCP (594 Gy) 5% 1% 0% 0% 15% 9% 0% 1% 24% 18% 3% 5%
NTCP (72 Gy) 27% 8% 1% 1% 60% 47% 4% 8% 75% 66% 24% 29%
D5 101% 101% 90% 89% 99% 101% 91% 92% 99% 101% 93% 2%
V83 (72 Gy) 34% 15% 7% 7% 84% 57% 11% 16% 100% 88% 32% 64%
V85 33% 14% 6% 6% 82% 52% 9% 14% 100% 88% 32% 28%
V95 28% 11% 3% 3% 57% 36% 2% 1% 100% 64% 4% 0%
Min 1 1 1 1 6 29 36 10 177 142 113 124
Max 188 192 190 191 179 182 175 174 178 181 176 172
Mean 78 72 53 59 156 149 97 105 178 171 143 148

‘Unit of Min, Max, Mean is cGy.
Doses in parenthesis are planned total doses.



HEE2E 2 59

SABCE ARSI IDSHE 389 FAY 2Aolst 22
o) % 43 2AckE A Yck(Table 5)

3. % 5 ecm9| AMQ| BY, &

TE 2919 393 AR S Vost BE A
of|4] 98% o]4to]glth(Table 3a, Fig. 3a).

Aol DVH BEE 40 Gy ol4llA 2D AFol ujsk
o] 3D Alge] ¥als] =AM Yo AL & 5 glov}
(Fig. 3b), NTCP:= ¥ubE 9l 594 Gy AkellAl: 2D9} 3D #|
o] Z Aol HolA ket aEh} 72 Gy AF=I1E A
33 Folli= 2D AlFoll uleliA 3D AlZe] HA3lA| NTCP
grol YAl Uehle A& & 4 gYcKTable 3b). E3] 2D
A% F TR 2AHE A4S 3% A8AY9 A A4
3¢ NTCP:= 321 Algs) vikeiA 2¢ ¢ dgont, ¥
243}t AAZ 2R e NTCPE 2% w3k 24 Aldst =4 &
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Fig. 2. DVHs of radiotherapy plans for superasellar tumor.
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ZH] Aol E HolAe XY, E3] 7k ¢ 3D Az
o] xjolE A ubedslA] E3hrK(Table 3b, Fig. 3b, o).
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Agko] 2AEA] oot Y4H <oyt Yooz 2 dx)
o] &S vlaF AYs] ubdsls Ao B rHTable 3b,
Fig. 3d).

3D Al¥ FollA] 3D-59} 3D-6% H|isle] £ w] NTCPS}:
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Table 2. NTCPs and Dose Statistics for Suprasellar Tumor and Normal Tissues

(@) Tumor

2D-2 2D-3 3D-3 3D-5a 3D-5b 3D-7
D95 %% 96% 9% 96% 97% 102%
V95 99% 99% 98% 97% 99% 98%
Min - 165 166 161 164 160 162
Max 182 186 189 181 186 185
Mean 179 180 181 178 181 180
(b) Normal Tissues

Normal Brain Brainstem Optic Chiasm

2D-2 2D-3 3D-3 3D-5a 3D-5b 3D-7 2D-2 2D-3 3D-3 3D-5a 3D-5b 3D-7 2D-2 2D-3 3D-3 3D-5a 3D-5b 3D-7
NTCP 54 Gy) 0% 0% 0% 0% 0% 0% 0% 1% 0% 0% 0% 0% 11% 10% 8% 9% 10% 12%

D5 102% 90% 58% 60% 53% 60% 98% 99% 86% 87% 91% 97% 100% 100% 98% 99% 99% 101%
V85 7% 6% 2% 2% 2% 2% 19% 26% 5% 6% 8% 17% 100% 100% 100% 100% 100% 100%
V95 14% 4% 1% 1% 1% 1% 11% 14% 1% 1% 2% 6% 100% 100% 88% 92% 100% 100%
Min 0 0 0 0 0 0 2 54 29 2 25 40 178 178 164 167 172 177
Max 191 18 189 181 186 184 180 181 175 177 178 183 180 180 177 180 179 182
Mean 43 45 32 29 29 3 66 108 72 55 78 112 179 179 173 177 177 181

* Unit of Min, Max, Mean is cGy.
Doses in parenthesis are planned total doses.

Table 3. NTCPs and Dose Statistics for Thalamic Tumor and Normal Tissues

(a) Tumor
2D-2 2D-3 3D-5 3D-6
D9 99.7% 99.8% 96% 97%
V95 100% 100% 98% 99%
Min 176 176 160 160
Max 189 186 188 185
Mean 182 182 179 180
(b) Normal Tissues
Normal Brain Brainstem Optic Chiasm
2D-2 2D-3 3D-5 3D-6 2D-2 2D-3 3D-5 3D-6 2D-2 2D-3 3D-5 3D-6
NTCP (594 Gy) 3% 0% 0% 0% 1% 1% 0% 0% 1% 1% 0% 0%
NTCP (72 Gy) 17% 2% 0% 0% 8% 6% 0% 1% 7% 7% 0% 0%
D5 104% 97% 81% 74% 100% 95% 78% 81% 74% 76% 43% 64%
V83 (72 Gy) 23% 9% 4% 4% 15% 15% 4% 4% 0% 0% 0% 0%
V85 23% 9% 4% 3% 15% 11% 3% 4% 0% 0% 0% 0%
V95 20% 6% 2% 1% 7% 6% 0% 1% 0% 0% 0% 0%
Min 0 0 0 0 2 2 2 2 119 95 43 64
Max 195 187 187 185 181 181 171 176 133 143 84 126
Mean 62 56 42 42 58 63 38 61 129 127 68 100

“Unit of Min, Max, Mean is cGy.
"Doses in parenthesis are planned total doses.
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Fig. 3. DVHs of radiotherapy plans for thalamic tumor.
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Fig. 4. DVHs of radiotherapy plans for fronto-parietal tumor.
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EA|1Eo|cHTable 5).

4. 9% 5~6 cm| SHY FY, BT A&

FAY FUYEL T2 AL=z4F o= AR AYst gle
22 uzd LolsAl X8AYY o] shssith U
e JAl AFEY 48 739 $F4 2504 DVH
8} Mzk2Alzk 2ulgdes Aoyt 9ledch(Fig. 4a, Sa, Table

4a).

AFAA FhollN AzA F 3 ALE X F
kollA] Azl7t gleug e Adzko] =AFA gho} wiay
des} gickan AzksiolA] A4 vlwzslgled, DVH 4
olA 3D AlFe] nAH Hele] =A L] A 2Agn
NTCPZLE ©l& Htdsisict. D5 givhe VEkeel oAz
ol e sl BES BThFig. 4b, Table 4b).

F5A9 o] Agols A wuk opE HPE 1
Ak BololA) ks AFo] 3D AYalA GA¥] Zgten,
NTCPzko] HA] ol & Htgsisict. 28lv A4 ds 74
o] £ ¥l D59k H4gh, Hoigk, FFUS olHd e
A2 ukeds}R] 314 thFig. 5b, Sc, Table 4b)

-8 -



CHBI AR Z 2RI K] 2002;20(1):1~16

Table 4. NTCPs and Dose Statistics for Parietal Tumors and Normal Tissues

(a) Tumor
Fronto-Parietal Occipito-Parietal

2D-2 3D-5 2D-2 3D-4
D95 97.5% 98% 97% 97%
V95 100% 99.8% 100% 99%
Min 171 167 173 159
Max 189 192 189 192
Mean 181 183 180 183

(b) Normal Tissues

Fronto-Parietal

Occipito-Parietal

Normal Brain Brainstem Optic Chiasm Normal Brain Brainstem Optic Chiasm

2D-2  3D5 2D-2  3D-5 2D-2  3D-5 -2 3D4 2D-2  3D+4 2D-2  3D4
NTCP (594 Gy) 2% 0% 0% 0% 0% 0% 2% 0% 0% 0% 0% 0%
NTCP (72 Gy) 13% 1% 0% 0% 0% 0% 16% 1% 5% 0% 0% 0%
D5 102%  88% 2%  15% 2% 0% 101%  89% 95%  55% 12%  24%
V83(72Gy) 22% 7% 0% 0% 0% 0% 26% 6% 12% 0% 0% 0%
V85 22% 6% 0% 0% 0% 0% 26% 6% 12% 0% 0% 0%
V95 18% 3% 0% 0% 0% 0% 21% 3% 6% 0% 0% 0%
Min 0 1 1 3 2 17 0 0 3 10 4 18
Max 189 191 3 28 3 25 189 191 175 153 22 44
Mean 53 45 2 21 3 23 61 49 55 48 9 37

* Unit of Min, Max, Mean is ¢Gy.
Doses in parenthesis are planned total doses.

Table 5. Radiation Fields of Selected Models for Tumors in Each Site of Brain

Site of Tumor

Selected Plan

Radiation Fields

Left Temporal Tumor (PTV:5.7X8.2X7.6 cm)
Suprasellar Tumor (PTV:3x4x4.1 cm)

Left Thalamic Tumor (PTV:3.1X5.9x3.7 cm)
Left Fronto-Parietal Tumor (PTV :5.5X7X5.5 cm)
Left Occipito-Parietal Tumor (PTV:5X5.5X5 cm)

3D-3 LASO, Ltlat, RASO

3D-5b 3 Vertexes {ASOs), RSO, LSO

3D-5 Vertex (ASO), RASO, RPSO, LASO, LPSO
3D-5 Ltlat, AP, Vertex (ASO), RASO, RPSO
3D-4 LASO, LPSO, RPSO, RASO

"AP: Anteroposterior field, Lt. lat:left lateral field. L:left, R:right, A:anterior, P:posterior, S:superior. All directions of radi-
ation fields mean beam is entering from that direction. (for example, S means beam enters from superior to inferior direction)

942} o] BE HSelll 3D Aol $ekRT, AFA
9§ EU) ASolle 220 FHA 2Aoleh B9 ol
A 1E, diEEly] 25-¢ A48 3055 ERIx gAY
2 AR, FRAY BB FUE Aten 24
+ ¥ 4F =AE ALY 3D4E R SAR R
AR s} cH(Table 5).

ritel;

U %=

2 AFeldE 2D AEART D AYE vz 2}
71 whEel A4 Yo YAAE 2D ARG AW
A siglon], 1 ABEA D A" PIV Fhgtels A
29 Azl A4 1 awl FolR2, D Aol UE
Moz 7 mmz Aelglonz o] WZel SAFEL el
7 ARE % glek T2t A 2D AL AHEE |
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Fig. 5. DVHs of radiotherapy plans for occilitoparietal tumor.
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—— Abstract

Development of Model Plans in Three Dimensional
Conformal Radiotherapy for Brain Tumors

Hongryull Pyo, M.D.", Sanghoon Lee, M.S.", GwiEon Kim, M.D.",
Kichang Keum, M.D.", Sekyung Chang, M.D." and Chang-Ok Suh, M.D."

“Department of Radiation Oncology, Yonsei Cancer Center, Yonsei University College of Medicine,
"Department of Radiation Oncology, National Health Insurance Medical Center

Purpose : Three dimensional conformal radiotherapy planning is being used widely for the treatment of pa-
tients with brain tumor. However, it takes much time to develop an optimal treatment plan, therefore, it is
difficult to apply this technique to all patients. To increase the efficiency of this technique, we need to de-
velop standard radiotherapy plans for each site of the brain. Therefore we developed several 3 dimensio-
nal conformal radiotherapy plans (3D plans) for tumors at each site of brain, compared them with each
other, and with 2 dimensional radiotherapy plans. Finally model plans for each site of the brain were
decided.

Materials and Methods : Imaginary tumors, with sizes commonly observed in the clinic, were designed for
gach site of the brain and drawn on CT images. The planning target volumes (PTVs) were as follows:
temporal tumor-5.7X8.2X7.6 cm, suprasellar tumor-3xX4x4.1 cm, thalamic tumor-3.1 X59X3.7 cm, fron-
toparietal tumor-5.5X7x%55 cm, and occipitoparietal tumor-5X5.5X5 cm. Plans using parallel opposed 2
portals and/or 3 portals including fronto-vertex and 2 lateral fields were developed manually as the con-
ventional 2D plans, and 3D noncoplanar conformal plans were developed using beam’s eye view and the
automatic biock drawing tool. Total tumor dose was 54 Gy for a suprasellar tumor, 59.4 Gy and 72 Gy
for the other tumors. All dose plans (including 2D plans) were calculated using 3D plan software. Devel-
oped plans were compared with each other using dose-volume histograms (DVH), normal tissue complica-
tion probabilities (NTCP) and variable dose statistic values (minimum, maximum and mean dose, D5, V83,
V85 and V95). Finally a best radiotherapy plan for each site of brain was selected.

Results : 1) Temporal tumor; NTCPs and DVHs of the normal tissue of all 3D plans were superior to 2D
plans and this trend was more definite when total dose was escalated to 72 Gy (NTCPs of normal brain
2D plans:27%, 8% — 3D plans: 1%, 1%). Various dose statistic values did not show any consistent
trend. A 3D plan using 3 noncoplanar portals was selected as a model radiotherapy plan. 2) Suprasellar
tumor; NTCPs of all 3D plans and 2D plans did not show significant difference because the total dose of
this tumor was only 54 Gy. DVHs of normal brain and brainstem were significantly different for different
plans. D5, V85, V95 and mean values showed some consistent trend that was compatible with DVH. Ali
3D plans were superior 1o 2D plans even when 3 portals (fronto-vertex and 2 lateral fields) were used for
2D plans. A 3D plan using 7 portals was worse than plans using fewer portals. A 3D plan using 5 non-
coplanar portals was selected as a model plan. 3) Thalamic tumor; NTCPs of all 3D plans were lower
than the 2D plans when the total dose was elevated to 72 Gy. DVHs of normal tissues showed similar
results, V83, V85, V35 showed some consistenti differences between plans but not between 3D plans. 3D
plans using 5 noncoplanar portals were selected as a model plan. 4) Parietal (fronto- and occipito-) tu-
mors; all NTCPs of the normal brain in 3D plans were lower than in 2D plans. DVH also showed the
same results. V83, V85, V95 showed consistent trends with NTCP and DVH. 3D plans using 5 portals for
frontoparietal tumor and 6 portals for occipitoparietal tumor were selected as model plans.
Conclusion : NTCP and DVH showed reasonable differences between plans and were thought to be use-
ful for comparing plans. All 3D plans were superior to 2D plans. Best 3D plans were selected for tumors
in each site of brain using NTCP, DVH and finally by the planner's decision.

Key Words :3 dimensional conformal radiotherapy, brain tumor, Normal Tissue Complication Probability,
Dose Volume Histogram, model radiotherapy plan
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