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47 ¥ SASMIAAX 85 ARl aL WAAX B
© % 45 Gy, 2531 % F 5314 ¥ 557, A¥7H457](Clinac
21EX; Varian Medical Systems, Palo Alto, CA, USA)E o] &
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stomach), 4} o] A A&l E(duodenal stump), TE A HH <
H$](tumor bed), A% (resection margin), % -5-(anasto-
motic site), I HEZA T Fol I H (clinical
target volume)oll E3H=| P, JATAAF A < 1.0~1.5
cm 55 FolA Al¥EF 4 A4 (plannig target volume)<
ARSI 2 "HZA TS A S 23]+
712 Japanese Gastric Cancer Association®] 2] & o] -23}9]
oD Fuel AAzA 2w A, &35 g, A5E
kel CT 4ol EAGTES AN SEAAT] 4ok
WA +7%NA —5%0 EE5 ICRU 50/62

M Hr J
{J
N
N
2

A A A s ~E 12 (dose volume histograms)> 2= 3}
2] AR, 7 Jag 2| A ARG ZA A A ol tislo] 7] 5
2 4719 42 ml B E £FF A,
Ax¥se A719 FANAE 7IFeE om DR &
A AR SAER R X EA Y FAAAE 7+
A& Aolo] WstFds FAsct KANALAX S
o 84S dotiy] Szte] F 23] F 53 A9 AHF
HohsEe] o] RX 5 A A 45 vg oz A
3t PAAXE AAE T HLs0S wlol A%
AFs| 2227 Boxg A 50T A A s~
Eade vlasgich.

BEE EAEH 242 SPSS ver. 11.0 (SPSS Inc., Chicago,
IL, USA)y2 ol&3leict AZAds2EadlE v|aste
ol & Student’s t-testS A&}

Table 1. Patient Characteristics (n=5)

Characteristics No. of patients
Male : Female 5:0
Mean age, yr (range) 53.8 (41.7~66.3)
Median interval between surgery 67 (52~75)

and radiation therapy, days (range)
Pathologic stage

IIIA 3

1B 1

IV (M0) 1
Extent of node dissection

D2 4

D3 1
Nodal status

Negative 0

Positive 5
Location of tumor

Antrum 4

Body 1
Anastomosis type

Billroth I 4

Billroth II 1

Z I

AT T AAEL] WHYoA Sde g JREAAE
T AR UALAR 2 B F AT RHe
2 o]F 59 (% 15.6%)°lA HibstsEe] 2o g A
50 ml o] Fe A= AFE Hdch olF 5% A
SA4 2 Table 1ol A oW o4 shA4id 59
o] X5 717+ 59 9 £ W Fg 13 Za, A
W Z ] 64.2~340.8 ml (T, 1882 ml)2] WHIE HYch
(Fig. 2). =3t 9] &40l v} 25 Ao 2+ g W
 0.7~22 ecm (FTF, 1.2 cmy7HA A3l Wz o8 o
Sohe e HthEg. 3). 2 o]99] ATleAE X, Y,
ZZollA 1 em oo W37} vpehtA] oEgket

Zh 3AEoll Al & X 857]7F F]F 50 ml o)) 9 &4
WstE X5 AAE 248 e 1~33 & T 23D,
ol X gAA Al vlste] 9 &AL 57.6~340.8 ml (3
T, 128.6 ml)<] xpo] & Hch RoX g A9 AAE &
A o] wsht Al x| stel e Etsla WAdsA &%
I AEE AL ARk AR wje AR s~
Eadls wlmsl 2 Ax, AZEIHAH(V43, 79.5+
104%)2 X8 A AW V43: 96.3£1.7%0l H]slo] A
WA 174% WA =AY E595, 245 A7HV20,
34.1£12.1%; Mean dose, 23.5+8.3 Gy)< ZE9 X 549 V20,
23.6£6.3%; Mean dose, 14.4+1.8 Gyoll B]3}lo] V20, Mean
dose”} Z+7+ 44.5%, 63.2% Z7Vske Ao Z UEbdth(Table
2).

600 - —e— Patient 1
—=— Patient 2
i —— Patient 3
. 500 —x— Patient 4
E Patient 5
~ 400 A
Q
€
=]
o 300 A
>
Q
*g 200 A
(O]
100 A
O T T T T T

o 1 3 6 8 11 13 16 18 21 23
Fraction numbers

Fig. 1. Changes in gastric volume levels (ml) during radio-
therapy.
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— Standard
Head first-supine

—o— Patient 1
—a— Patient 2
250 —*— Patient3
—— Patient 4
2.00 - —x— Patient 5

1.50 A
1.00
0.50 1

0.00 A

Renal location (cm)

-0.50 -

-1.00 T T T T
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Fraction numbers

Fig. 3. Changes in left kidney location (cm) on the z-axis
during radiotherapy.
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Az

K
Ha

o[l A7 el 579 Aol F X871 ¢
50 ml o]4e] 9 &4 wistE X gAAE 243 A5
BT 232 vebda, AR E 717 § 51§49 We
© vt HEE Edvh A BXE Ao ARAH s~
Eas 9] &40 HE aefslA g AE AAE A
BAf ez A A23gE APetds ] AZFAH |~
EaE s 2 Avtes AYLRAAA, #5 TR
A zA O] oot Kol7t Qe ALz yEhyith
9 Aol wiEAAeR Qeto] TR Aelle Al

Fig. 2. Location of planning target
volume (PTV) and normal organs
projected on the digitally recon-
structed radiographs for patient
who showed maximum gastric vol-
ume variation. (A) Gastric volume
4891 ml in simulation (B) gastric
volume 1483 ml in 8th day of
radiation therapy. blue: remnant
stomach; purple: PTV; cyan: left
kidney; pink: right kidney; brown:
liver; dark blue: spinal cord.

Table 2. Comparison of Dose Coverage of the Planning
Target Volume and Radiation to Organ at Risk by Constant
Radiation Therapy Plan during Treatment Period and Si-
mulation Plan

Constant Simmulation
Variable radiation p-value
plan
plan

Planning target volume

V43* (%) 79.5+10.4 96.3+1.7 0.04
Right kidney

V20* (%) 17.3+6.2 14.7+4.9 0.24

Mean dose (Gy) 12.4+3.8 11.8+4.4 0.79
Left kidney

V20 (%) 341+12.1 23.66.3 0.03

Mean dose (Gy) 23.5+8.3 14.4+1.8 0.02
Liver

V30* (%) 33.7+6.4 36.9+3.9 0.67

V40* (%) 14.1+4.3 12.9+2.7 0.71

Mean dose (Gy) 20.1+5.8 20.7+4.2 0.77
Spinal cord

Maximum dose (Gy) 24.5+9.8 26.3+4.5 0.87

*V20, 30, 40, 43: volume that receives =20, 30, 40, 43 Gy

SEAA A oll WA 2ATE SRk o] FolAaL, 4 &
Ho| &gt Aol 25 Al AT dssto] ol
# Hep @2 #5 Ao G o] Aol 2AE = At
S ot oA 5 FHRe A=A T TRl M
g2 A S8 EE e e e ul, #H5 T
Foll ol dx X3 FH Tl EAo] 7hed Ao B

wtebA ] wiE el WA o BE Foleto] £ wiE Aol
A9 &4 gl AXE i Fdstar, o] E A EAH

- 197 -



CHEHU AR Z 53| X| 2009:27(4):194~200
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EAYE BAY -‘ZPXP TollAl 234 ok AT HY =
ZAlolgo] 33% T Ao Haelh o] dTE X8
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< WAE AE A& HolFa Yrt

A7) 5w B 2719 $1A] W stell theto]
%2 A7t YAtk 4D CTE o] gslo] A7l FAY
B4 AFollA o]A= 40 mm, FE-L 30 mm7HA] x
v,z % Al o2 $A9lo] g Ao Buslgleh !
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AR Aelmz 4719 9 Wete Husl slorele] A2

AAE DA FE Aol WEA Atk B AT A
4 A7) EE ete] 29 249K A2k 3%
A YAZYPAAA B} AN ZAPAAN EE Teishe

739 514m4x1;124 e e Fa3lA =k HE
G AFolA A7 =AALAX g e 99t SHAtel
Al BAAZAE sk -5 BE=2AS Histed o5
o] 9l Aoz Hasgit Y aEy A7) =AW
9] F43 A% Wkl AL 229 EFAAS 1Y
gt 91, A4, 7F 5 BAEA ] Axe &4 wkE 3
ofsts Zlo] A=A grerhwd BHEe WAAAX 8T} o
FolA = A2 A Erbssich webA A9 gHAtellA
ARt WAAAEE 37 AAe TE52A AA 2 A
29k A2 WellAel g2k R Jdel 53 e AR
& d4RE AR5l W HgHolol & Aoz A
Zhgeh19

O
Of

ARRAAE ¥ 4T WA Bl vl
7] Nl AR EA, 9] 5% A9l Billroth 1 ¥
& A9 Sol Al AYAR Wasgleh” o ol
A BAEE) 714 AR] EAARI B Y Sol 9
A 1e) Aol WX Jgell vhelolt HlehA ¥
S, 271 AFE Belo] 91 MEA FAT B4
HHsdel Fe BAES WAMAE Aol w2l A

“

T

Hepd o] 2 =] I 7 U8 AR A4

A% Sognke] AL S4 AF g8 Aol 2o
A 3HF 37 ofetE AAE sk TollA oAl £
AR ES Bolvy Baslgleh weld & & AL
5 Agste A lA ApllA A & FolaL o
2l Wl uro] e §3E Zgshe Zlo] 8 &4 HIE
Fol dloll 2 7194% & F & Zlor walg”

AAE] ol AT Am|e] oA $Ake] A7) 9A
3 & WIS X g AA el W $L S7elA &
Qg Zlo] ofye} AAeelSHe HAX BV E o] &3to]
S AdAe] ik WA A ol A A=
A A el A E A7) Wk " ¢ e AT
o] QAFERAAAE AN E oldste FFdl, A& A
Ao At dgs ot 5 glom XA

A A5 7 doemE £ o FHst *LJ} 7v5 st
3 S ep? wal Azl wo] X g Aol ul
EA s HolA] gro} MAAXEE AlE A3k TollA
5 A8 T 8l wiEAde] HAsS Tl dle
o, meNE A WEANS Bel FAE iyl A5 A
vk g 25 oA Fohn F 28 AR L
ol A X g7|7ke] A7) &4 1 X wstE st
TFE UAfh

QP A AS 222 d 7] (cone beam computed tomo-
graphy) & o] &3lo] GAFE WAL EE 3= HF ¢
W e 259 o $7ele 3~4 Gy HEHE Ae
2 Qelal gleh? ol QoL Wi A4 HASA 10
cGy 7hsgol IS AIILFHY 2AAR1E ol
AU Wb Aol T EH PALZATE B
7] Sstel F 2312 G445 wES 2Pt

=

\'

a1

m

l‘l
lr

Jl

o

AREAAE Foll LAsh= T Toll B AFellA=
A5 Hasgnte] Wbl HIETE & F 370l 43.1%, 1
o 213%, 59 F 165%% & FHE Hleh” o
AT = 15.6%2] ALl Al BXE A] 50 ml o] 9
W 4=l ARE Zded AFEAAE $ YA
B AR 9] 717kel BT 678U W A Fekshd 4

- 198 -



21

=
=k~

e
o
gt

ol wleko]
]

o MAES ugl of
o 37} ol 50 ml ol 4e] S41%
A% H e Eg 8ol Qe
ole S4B WEANE HolA

;1:’, O:
¢

R

(i

>

m{n

mot dfo

N,
N
o
o
131
fiu

a
lo
>
bty
)

By
bt
N
o)

>
B
T
I
)

HYou oy
7t ghAboll A w3l wishok
AXE 7|7ke] 5372 A % A4
MY olulell AL BE PHA FHo] &
Aoz Bolr}, 9] wlZA|ede] 7|Foz Agd 9] 1
A&l &7 50 miE o] AT AA i g}
9 gH5o] oF 200 mE FA Hol HF9 25% 2
ok ¥ Rk g o) AAE gdow §) £
stod 9 wiZEA ol AXE 4kE Ukt 7|F
q o2 Azbghe}
A 3kap T,1 zﬂ"“ﬂ ubg}, $7-E

4 Sl ¢

A

r
) Fl‘N
%2 ‘;41 nlo

&

to 1o ox 1o X
o
ot
i

X
o

75—%

[o]
(E

e =
rlo

2

R
rE m_l}‘
o

2L
iy
= rlo
o

I

ozt

1

MO

a

1. Hazard L, O’Connor J, Scaife C. Role of radiation therapy
in gastric adenocarcinoma. World J Gastroenterol 2006;12:
-1520
. Macdonald JS, Smalley SR, Benedetti J, et al.
Chemoradiotherapy after surgery compared with surgery alone
for adenocarcinoma of the stomach or gastroesophageal
junction. N Engl J Med 2001;345:725-730
. Soyfer V, Corn BW, Melamud A, et al. Three-
dimensional non-coplanar conformal radiotherapy yields better
results than traditional beam arrangements for adjuvant treat-
ment of gastric cancer. Int J Radiat Oncol Biol Phys 2007,
69:364-369
. Leong T, Willis D, Joon DL, Condron S, Hui A, Ngan
SY. 3D conformal radiotherapy for gastric cancer: results of a
comparative planning study. Radiother Oncol 2005;74:301-306
. Gunderson LL, Hoskins RB, Cohen AC, Kaufman S,
Wood WC, Carey RW. Combined modality treatment of

o

o
I

(o)

8

20.

- 199 -

ol

. Jung HJ, Lee JH, Ryu KW, et al.

. Bussels B, Goethals L, Feron M, et al.

. Wieland P, Dobler B, Mai S, et al.

. Ringash J, Perkins G, Brierley J,

. Kassam Z, Lockwood G, O’brien C, et al.

. Watanabe H, Adachi

. Pedrazzani C, Marrelli

Mz = LAEXIZ0IA A&t

0jo

BiEXIS0 THE S

ag

i

S
TITT™

gastric cancer. Int J Radiat Oncol Biol Phys 1983;9:965-975
The influence of
reconstruction methods on food retention phenomenon in the
remnant stomach after a subtotal gastrectomy. J Surg Oncol
2008;98:11-14

. Japanese Gastric Cancer Association. Japanese classi-

fication of gastric carcinoma: 2nd English edition. Gastric
Cancer 1998;1:10-24

. Gunderson LL, Sosin H. Adenocarcinoma of the stomach:

areas of failure in a re-operation series (second or symp-
tomatic look) clinicopathologic correlation and implications for
adjuvant therapy. Int J Radiat Oncol Biol Phys 1982;8:1-11

. Landry J, Tepper JE, Wood WC, Moulton EO, Koerner

F, Sullinger J. Patterns of failure following curative resection
of gastric carcinoma. Int J Radiat Oncol Biol Phys 1990;19:
1357-1362

. Bottke D, Wiegel T. Adjuvant radiotherapy after radical

prostatectomy: results and side effects. Urol Int

2007;78:193-197

indications,

Respiration—
induced movement of the upper abdominal organs: a pitfall for
the three—dimensional conformal radiation treatment of pan-
creatic cancer. Radiother Oncol 2003;68:69-74

. van Sornsen de Koste JR, Senan S, Kleynen CE, Slot-

man BJ, Lagerwaard FJ. Renal mobility during uncoached
quiet respiration: an analysis of 4DCT scans. Int J Radiat
Oncol Biol Phys 2006;64:799-803

. Horst E, Micko O, Moustakis C, Schunk A, Schafer U,

Willich NA. Conformal therapy for pancreatic cancer:
variation of organ position due to gastrointestinal distention:
implications for treatment planning. Radiology 2002;222:681-686
IMRT for post-
operative treatment of gastric cancer: covering large target
volumes in the upper abdomen: a comparison of a step—
and-shoot and an arc therapy approach. Int J Radiat Oncol
Biol Phys 2004;59:1236-1244

et al. IMRT for
adjuvant radiation in gastric cancer: a preferred plan? Int J
Radiat Oncol Biol Phys 2005;63:732-738

Conformal
radiotherapy in the adjuvant treatment of gastric cancer: review
of 82 cases. Int J Radiat Oncol Biol Phys 2006;65:713-719
W, Koide N, Yazawa |. Food
residue at endoscopy in patients who have previously
undergone distal gastrectomy: risk factors and patient pre-
paration. Endoscopy 2003;35:397-401

D, Rampone B, et al. Post-
operative complications and functional results after subtotal
gastrectomy with Billroth 1l reconstruction for primary gastric
cancer. Dig Dis Sci 2007;52:1757-1763

. Della Biancia C, Hunt M, Furhang E, Wu E, Yahalom

J. Radiation treatment planning techniques for lymphoma of
the stomach. Int J Radiat Oncol Biol Phys 2005;:62:745-751
Bak J, Park SH, Park SW. A study on the availability of



Uit AR S 2S5 K| 2009:27(4):194~200
the On-Board Imager (OBI) and Cone-Beam CT (CBCT) in 21. Ding GX, Coffey CW. Radiation dose from kilovoltage cone
the verification of patient set-up. J Korean Soc Ther Radiol beam computed tomography in an image—guided radiotherapy
Oncol 2008;26:118-125 procedure. Int J Radiat Oncol Biol Phys 2009;73:610-617
— Abstract

Influence of Delayed Gastric Emptying in Radiotherapy
after a Subtotal Gastrectomy

Dong Hyun Kim, M.D.*, Won Taek Kim, M.D.*, Mi Ran Lee, M.S.*,
Yong Gan Ki, M.D.*, Ji Ho Nam, M.D.*, Dal Park, Ph.D.*,
Ho Sang Jeon, Ph.D.*, Kye Rok Jeon, Ph.D.", and Dong Won Kim, M.D.*

Departments of *Radiation Oncology and "Biomedical Engineering,
Pusan National University School of Medicine, Busan, Korea

Purpose: This aim of this study was to evaluate changes in gastric volume and organ position as a result of
delayed gastric emptying after a subtotal gastrectomy performed as part of the treatment of stomach cancer.
Materials and Methods: The medical records of 32 patients who underwent concurrent chemoradiotherapy after
a subtotal gastrectomy from March 2005 to December 2008 were reviewed. Of these, 5 patients that had more
than 50 cc of residual gastric food detected at computed tomography (CT) simulation, were retrospectively
enrolled in this study. Gastric volume and organ location was measured from CT images obtained before
radiotherapy, twice weekly. In addition, authors evaluated the change of radiation dose distribution to planning
the target volume and normal organ in a constant radiation therapy plan regardless of gastric volume variation.
Results: A variation in the gastric volume was observed during the radiotherapy period (64.2~340.8 cc; mean,
188.2 cc). According to the change in gastric volume, the location of the left kidney was shifted up to 0.7 —
2.2 cm (mean, 1.2 cm) in the z-axis. Under-dose to planning target volume (V43, 79.5+10.4%) and
over—dose to left kidney (V20, 34.1+12.1%; Mean dose, 23.5+£8.3 Gy) was expected, given that gastric volume
change due to delayed gastric emptying wasn’t taken into account.

Conclusion: This study has shown that a great change in gastric volume and left kidney location may occur
during the radiation therapy period following a subtotal gastrectomy, as a result of delayed gastric emptying.
Detection of patients who experienced delayed gastric emptying and the application of gastric volume variation
to radiation therapy planning will be very important.

Key Words: Stomach cancer, Subtotal gastrectomy, Radiation therapy, Stomach volume, Organ location
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