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Table 1. Summary of patient characteristic

No. of patients Gender Age Disease Fusion image
1 F 59 Intraductal papillary mucinous tumor CT
2 F 66 Klatskin tumor CT
3 M 55 Hepatocellular carcinoma (B-viral) CT
4 M 51 Hepatocellular carcinoma (B-viral) PET-CT
5 M 52 Hepatocellular carcinoma (B-viral) CT
6 M 68 Hepatocellular carcinoma (B-viral) PET-CT
7 M 68 Klatskin tumor PET-CT
8 F 69 Common bile duct cancer CT
9 M 67 Common bile duct cancer PET-CT

CT: computed tomography, PET-CT: positron emission tomography-computed tomography.
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To evaluate the location change
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Fig. 1. Simulation and image fusion.
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Fig. 2. (A) The bar graph appears stomach volume change. The white bar graph is full stomach, the black bar graph is empty stomach.
Unit is cc. (B) When empty stomach was viewed 100%, full stomach volume change appear ratio. Unit is percentage.

Table 2. Stomach volume change

No. of Full volume  Empty volume Volume change

patients (cc) (cc) (cc)
1 313.10 135.60 177.50
2 259.30 136.40 122.90
3 323.30 150.80 172.50
4 285.00 275.90 9.10
5 271.70 225.00 46.70
6 329.00 256.00 73.00
7 495.40 202.50 292.90
8 336.70 226.50 110.20
9 417.00 248.40 168.60

Average 336.72 206.34 130.38

Full stomach intakes 240~260 cc water, empty stomach
haven't eaten during 6 hours. Stomach volume change appear
distinction of two stomach.

Table 3. Stomach width change

Width change (Unit: cm)

No. of patients LR CcC VD
1 +1.4 +4.4 +1.2

2 +6.1 +2.6 +0.4

3 +3.9 —4.7 —14

4 +2.7 —0.5 —03

5 —04 +2.5 —0.1

6 +1 +1.4 —0.5

7 +2 +4.7 +1.9

8 +7 +2.8 +2.3

9 —0.3 +4.5 +2.1
Average 2.6 2.0 0.6

Volume change make a difference full stomach between empty
stomach. LR: left-right, CC: cranial-caudal, VD: ventral-dorsal.
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Fig. 3. It display Table 3 in diagram form. The white bar
graph is LR, the gray is CC and the black is VD. LR:
left-right, CC: cranial-caudal, VD: ventral-dorsal.
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Table 4. Change GTV center's position (Unit: cm)

No. of - pal shift cC LR VD

patients
1 0.67 —0.45 0.05 0.50
2 3.04 —1.35 —2.00 1.85
3 2.81 —0.55 —2.75 —0.10
4 1.31 —0.05 —1.30 —0.15
5 0.52 —0.15 —0.50 0.05
6 0.56 —0.15 —0.20 0.50
7 1.67 —0.90 —1.40 0.05
8 0.99 —0.50 —0.85 —0.05
9 2.07 0.10 —2.05 0.30

Average 1.52 —0.44 —1.22 0.33

Using formulal measure GTV center movement. The average is
1.52 cm. Plus (+) appear cranial direction, right and ventral.
Minus (—) appear caudal direction, left and dorsal. LR: left-
right, CC: cranial-caudal, VD: ventral-dorsal.
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Fig. 4. GTV center movement measured from 0.5 cm until 3
cm. The average is 1.5 cm. GTV: gross tumor volume.
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Fig. 5. (A) TThe picture on the left shows two dimensions, the right shows three dimensions. The black point and plane appear
LR-CC, The gray appear LR VD. (B) X-axis is LR direction, Y-axis appear CC and VD direction at once. A pair of diamond shape
and quadrilateral shape is movement of a patient. LR-CC: left right-cranialcaudal, LR-VD: left right-ventral dorsal, PTV: planning

target volume.
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8k W (Right wall)?] P=0.10447,
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S1uksk(Left wall)] P=
=uksk

oo
(Dorsal wall)®] P=0.01678, wz|-t}ejulsE $Ae] p=
Table 5. Each directions movement and correlation of
displacement

GTV movement GTV CC GTV LR GTV VD

Pearson —0.54696 —0.92605 041770
correlation coefficient

Probability chance (both) 0.12751 0.00034  0.26328

N 9 9 9

CC: cranial-caudal, LR: left-right, VD: ventral-dorsal, N: No. of
patient.

1 2F Zoko| HAMM|BOAM U I Bk 9 x| 7o o
0.06396, 2ukel FA19] p=(.13226, -k FA9
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=29lell o3t Z1o & el tHTable 6). o] w<9H &

AAA L e 9= ulsko] YAk 99X Hlsko] oy,
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Table 6. Change of stomach and correlation analysis of GTV position movement

GTV CC (P-value)

GTV LR (P-value) GTV VD (P-value)

Stomach SD (Unit: cm)
1 Cranial wall —0.7 (£1.18)
2 Caudal wall —2.7 (£0.81)
3 Right wall —1.8 (£2.7)
4 Left wall 0.8 (+0.81)
5 Ventral wall 0.9 (+0.9)
6 Dorsal wall 0.2 (£1.2)
7 CC center —1.7 (#1.3)
8 LR center —0.5 (£1.5)
9 VD center 0.6 (£0.84)
10 Stomach volume 1304 cc (+84.66)

change

0.10200 0.00029 0.35405
0.02200 0.37606 0.01606
0.02592 0.10447 0.13003
0.40881 0.14078 0.08352
0.00184 0.18044 0.02726
0.10484 0.01678 0.13270
0.00006 0.06396 0.03613
0.02390 0.13226 0.05250
0.00861 0.02845 0.03467
0.10800 0.31137 0.29500

SD: standard deviation, GTV CC: cranial caudal direction of gross tumor volume, GTV LR: left right direction of gross tumor
volume, GTV VD: ventral dorsal direction of gross tumor volume.

=

e Prostate

Fig. 6. Joos V. Lebesque, et al.: Variation in volumes, dose-volume histograms, and estimated normal tissue complication probabilities
of rectum and bladder during conformal radiotherapy of T3 prostate cancer. Int J Radiation Oncology Biol Phys 1995;33:1109-1119.
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Dorsal 6.6=5.8

Fig. 7. Intrafractional gastric motion and interfractional stomach deformity during radiation therapy. Radiotherapy and Oncology

2008;87:425-431.
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Abstract

Relationship between Stomach Volume and Tumor Location in
Radiation Treatment for Hepatic Tumors

Mi Jin Jeon, Chang Geol Lee, |k Jae Lee, Won Hoon Choi, Yun Sun Choi,
Dong Bong Shin, Jong Dae Kim, Sei Joon Kim, Jin Suk Ha, Yoon Jin Cho

Department of Radiation Oncology, Gangnam Severance Hospital, Seoul, Korea

Purpose: It aims to evaluate the location change and tendency of hepatic and intrahepatic tumors according to
gastric volume and change of location.

Materials and Methods: |t studied 9 patients with hepatic tumors who visited Gangnam Severance Hospital from
March 2009 to April 2010 and who underwent CT or PET (Positron Emission Tomography) within 2 weeks before
CT-simulation. The patients fasted for 6 hours before CT-simulation and drank 240~250 cc of water just before CT
or PET for image fusion. Those two types of images were fused to RTP (Radiation Treatment Planning, Pinnacle
8.0h) focusing on bone structure of individual patients.

Results: They drank 240~260 cc of water but their stomach volume after drinking water varied from 259.3 cc to
495.4 cc. Even though individual differences existed in the change of stomach volume before and after drinking
water, the volume was increased by 130 cc (174%) on average. The change in absolute distance between the
centers of tumors ranged from 0.52 cm to 3.04 cm (1.52 cm on average): from 0.1 cm to 1.35 cm (0.44 cm on
average) in cranial-caudal direction; from 0.05 cm to 2.75 cm (1.22 cm on average) in left-right direction; and
from 0.05 cm to 1.85 cm (0.33 cm on average) in ventral-dorsal direction.

Conclusion: |t is hard to predict the movement of tumors by observing stomach movement, due to great individual
differences; however, it was observed that the location of hepatic tumors was right-sided as the stomach was filled
with water. Thus, it is recommended to maintain the fastened state to secure the accuracy of hepatic tumor
treatment. If it cannot maintain the fastened state, it is recommended to measure stomach volumes and movement
in the patient to consider the movement of hepatic tumors before radiation treatment.

Key words: hepatic tumor, stomach viloume, tumor location

83



