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ARSI Z 2SS X| 2002:20(1):1~16

(a) Tumor (b) Normal Brain
100 100
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g S 60 |
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5 a0} ¥ 2D-3 2 40 |
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20 —3D-4 20 |
0 T 0
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)
(c) Brainstem (d) Optic Chiasm
100 2 100
80 80 F
S 60 L. S 60 F ---2D-2
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=2 40 . 3 40 }
S —-3D-3 7 S —~3D-3
20 ——3Db4 ’% 20 f —3D-4
0 o , 0
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  3D+4 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% 92%
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.
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Fig. 2. DVHs of radiotherapy plans for superasellar tumor.
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Table 2. NTCPs and Dose Statistics for Suprasellar Tumor and Normal Tissues
(a) Tumor

2D-2 2D-3 3D-3 3D-5a 3D-5b 3D-7
D9%5 96% 96% 96% 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-ba 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 17% 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 4 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 31 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

D95 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 (59.4 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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(b) Normal Brain

Fig. 4. DVHs of radiotherapy plans for fronto-parietal tumor.
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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 3D 2D-2  3D-5 2D-2  3D-5 2D-2  3D-4 2D-2  3D-+4 2D-2  3D-4
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 cGy.
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:5.7x82X7.6 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 c¢m)

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)

FoRlal, A4
& S5
S A3t 3D-5SE Rux|EA13o
%_Ool:o]]/( A Zo}:—‘ /L].HLO 2 71-,;;].

RAx A% o2

fl9k o] RE 73FollA 3D ﬁl§'°l

H
4% 2AOLE A8 3D4Z

A8l cH(Table 5).

r>~

ook gl A#E

& el 2D X 5A2 3D AlRE wlastazt st
7] wiitell A dnbdes A= 2D Al At
A stglen, o Az 2D A¥Q| PTV 7pgAteish =
=] Azl H4 1 anvh iR, 3D AlFelX = 4E
Ao 7 mmE AP on o] ufFel FAFES] ;‘(]-o]
7H e ARE 5 Aok 2 Al 2D Aleld AelE

_9_



el
Ol
ny

2 501 L&t Xt 3 LHEE XSE et U =2 222 2= HE N
(a) Tumor (b) Normal Brain
100 100
~ 80T 80 [
g g |
qEJ 60 [ ;E; 60
"2D-2
2 4 3 40
> —3D-4 >
2 2 1
0 oy ' 0
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)
(c) Brainstem
100

Iy D o]
o o o
T

Volume (%)

N
o
T

" 2D-2
—3D-4

o

0 20 40 60 80 100 120 140 160 180 200
Dose (cGy)

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
each site of the brain and drawn on CT images. The planning target volumes (PTVs) were as follows;
temporal tumor-5.7X82X7.6 cm, suprasellar tumor-3xX4x4.1 cm, thalamic tumor-3.1 X5.9X3.7 cm, fron-
toparietal tumor-5.5x7X55 cm, and occipitoparietal tumor-5x55x5 c¢m. 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 block 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. Al
3D plans were superior to 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, V95 showed some consistent differences between plans but not between 3D plans. 3D
plans using 5 noncoplanar portals were selected as a model plan. 4) Parigtal (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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