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Abstract - The purpose of this study was to investigate the optimal beam arrangements
for hepatic tumors, according to the location of the hepatic tumor and its relationship to
organs at risk (OARs). The virtual gross tumor volumes were divided into four groups
according to the Couinaud’'s classification. Several plans were made for each virtual target,
and these plans were compared for the normal tissue complication probabilities (NTCP). For
group I, NTCP improved as the number of the beam ports increased. However, plans with
more than 5 ports had little advantage. For group II, plans with the beam directions from
the anterior side showed better results. Group III contained many OARs near the target,
which placed restrictions on the beam-directions. Multi-directional plans yielded a higher
dose to the OARs than a simple two-port plan using right anterior oblique and posterior
beam (RAO/PA). For group IV, a simple RAO/PA port plan was adequate for protection of
remaining liver. NTCP can significantly vary between radiotherapy plans when the location
of the tumor and its neighboring OARs are taken into consideration. The results in this
study of optimal beam arrangements could be a useful set of guidelines for radiotherapy of
hepatic tumors.
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Fig. 1. The grouping of virtual gross tumor volume was
determined by Couinaud's classification.
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Fig. 2. (A) In group I, 4 plans were made as follows; 4
Ports(AP/PA/RT/LT), 5 Ports(AP/RT/LT/RPQ/LPO), 6
Ports(AP/RAC/LAO/RPO/LPQ), and 7 Ports(AP/RAQ/LAC
/RT/LT/RPO/LPO). AP; anterior 1o posterior, PA;
posterior to anterior, RT: right side, LT; left side, RPO;
right posterior oblique, LPO; left posterior oblique, RAO;
right anterior obligue, LAO: left anterior oblique

(B) NTCP(%) to the remaining liver were compared
according to beam port arrangement in group |
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Table 1. NTCP and mean doses to the GTV, remaining liver, and stomach, according to. beam port arrangement,
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in group 1.
Volume TD(50/5) Plan MeanDose Std.Dev. NTCP
(cm®) (Gy) (Gy) (Gy) (%)
4 Ports 63.0 05 -
5 Ports 62.6 06 -
GTV 51 -
6 Ports 62.7 05 -
7 Ports 62.8 0.4 -
4 Ports 209 185 11
ini 5 Port 21.0 164 7
Rgmammg 1948 40 orts
Liver 6 Ports 21.3 16.1 7
7 Ports 215 155 7
4 Ports 212 158 0
5 Ports 20.0 118 0
Stomach 254 65
6 Ports 185 116 0
7 Ports 20.2 10.2 0

Table 2. NTCP and mean doses to the GTV, remaining liver, and stomach, according to beam port arrangement,

in group I
Volume TD(50/5) Plan MeanDose Std.Dev. NTCP
(cm®) (Gy) (Gy) (Gy) (%)
3 Ports 65.7 2.7 -
RAQ/LAO 65.7 2.3 -
GTV 253 -
3(Y) Ports 64.4 0.8 -
4 Ports 64.3 1.0 -
3 Ports 25.0 174 24
ini RAO/LAO - 23.8 182 25
R.emammg 1018 0 /L
Liver 3(Y) Ports 280 19.7 45
4 Ports 285 205 49
3 Ports 433 186 15
RAQ/LAO 431 185 15
Stomach 255 65
3(Y) Ports 443 183 14
4 Ports 439 191 14

RAO: right anterior oblique, LAQ: left anterior oblique beam
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Fig. 3. (A) In group Il, 4 plans were made as follows; 3
Ports(AP/RAQ/LAO), RAC/LAO, 3(Y) Ports(RAC/LAQ/PA),
4 Ports(AP/RAO/LAQ/PA)
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Fig. 4. (A) In group Ill, 4 plans were made as follows;
2 Ports(RAQ/AP), 3 Ports(RAC/RPO/PA), 4 Ports(AP/
RAO/RPO/PA), and AP/PA/RT

(B) NTCP(%) to the remaining liver, stomach,
duodenum, and right kidney were compared according
o beam port arrangement in group I}
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Table 3. NTCP and mean doses to the GTV, remaining liver, stomach, duodenum, and right kidney, according to
beam port arrangement,in group |Il.

Volume TD(50/5) Plan MeanDose Std.Dev. NTCP
(cm®) (Gy) (Gy) (Gy) (%)
2 Port 645 12 -
3 Port 649 14 -
GTV 372 -
4 Port 63.6 1.1 -
AP/PA/RT 64.1 1.3 -
2 Port 21.8 225 27
ini 3 Port 257 226 73
R.emamlng %01 20 0
Liver 4 Port 259 233 79
AP/PA/RT 26.3 236 83
2 Port 7.0 124 0
3 Port 186 12.2
Stomach 245 65
4 Port 183 168
AP/PA/RT 17.7 18.2 10
2 Port 14.3 17.0 2
3 Port 22.7 19.0 17
Duodenum 38 55
4 Port 23.6 21.8 35
AP/PA/RT 25.7 25.3 65
2 Port 29.1 24.4 97
) 3 Port 334 237 100
RtKidney 142 28
. 4 Port 313 231 99
AP/PA/RT 299 23.4 98

AP: anterior to posterior, PA: posterior to anterior, RT: right

Table 4. NTCP and mean doses to the GTV and remaining liver,according to beam port arrangement, in group IV.

Volume TD(50/5) Plan Mean Dose | Std. Dev. NTCP
(cm®) (Gy) (Gy) (Gy) (%)
2 Port 54.6 1.0 -
3 Port 55.1 14 -
GTV 320 -
4 Port 54.9 1.1 -
5 Port 55.0 10 -
2 Port 20.7 20.9 20
ini 3 Port 24.2 20.1 26
R.emalmng 976 £ 0
Liver 4 Port 254 213 35
5 Port 24.0 20.7 28
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Fig. 5. (A) In group IV, 4 plans were made as follows;
2 Portst RAQ/AP, 3 Ports: RAC/RPO/PA, 4 Ports:
AP/RAO/RPO/PA, 5 Ports: AP/RAO/RPO/PA/LPO
(B) NTCP{(%) to the remaining liver were compared
according to beam port arrangement in group 1V
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