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Purpose : To evaluate influences associated with radiation treatment planning
obtained with the patient breathing freely.

Materials and Methods : We compared reduction or elimination of planning
target volume (PTV) margins with 2-D conventional plan with inclusion of PTV
margins associated with breathing with 3-D conformal therapy. The respiratory
non gated 3-D conformal treatment plans were compared with respiratory gated
conventional 2-D plans in 4 patients with hepatocellular carcinomas. Isodose
distribution, dose statistics, and dose volume histogram (DVH) of PTVs were
used to evaluate differences between respiratory gated conventional 2-D plans
and respiratory non gated 3-D conformal treatment plans. In addition, the risk of
radiation exposure of surrounding normal liver and organs are evaluated by
means of DVH and normal tissue complication probabilities (NTCPs).
Results - The ' vertical” movement of “liver ranged 2-3 cm in all patients. We
found no difference between respiratory gated 2-D plans and 3-D conformal
treatment plans with the patients breathing freely. Treatment planning using
DVH analysis of PTV and the normal liver was used for all patients. DVH and
calculated NTCP showed no difference in respiratory gated 2-D plans and
respiratory non gated 3-D conformal treatment plans.

Conclusion : Respiratory gated radiation therapy was very important in hepatic
tumors because radiation induced hepatitis was dependent on remaining normal
liver volume. Further investigational studies for respiratory gated radiation
treatment combined with 3-D conformal treatment are required.

Key Words : 3-D conformal therapy, Hepatoceliular carcinoma
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Fig. 2. Planning target volume(PTV) expansions for patient breathing applied io
the superior and inferior borders of the clinical target volume(CTV),
with already includes PTV margins for setup error(S.E.).
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Table 1. Volumetric Analysis for the Normal Liver Comparing 2-D Plans with 3-D Plans

Number Normal Liver Volume(cc) Planning Target Volumel(cc) Ratio of PTV  Type of
of Case 2-D Plan 3-D Plan 2-D Plan 3-D Plan (2-D/3-D)  Borders
1 7711 7321 4835 5225 0.93 1

2 1227.9 1211.9 668.4 684.4 0.98 2

3 629.7 583.1 835.9 882.5 0.95 1

4 1090.3 1061.5 172.1 190.9 0.90 0
Mean=£SD 9290.8+£276.81  897.4£289.51 540.0+284.36 570.1 £292.53 0.95

SD : Standard deviation
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Fig. 3. Isodose disptays for respiratory gated 2-D plans(upper panel) and 3-D conformal treatment plans(iower panel)
used for patient No. 4.
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Table 2. Dose and Volume Statistics for Planning Target Volume(PTV) Comparing 2-D Respiratory
Plans and 3-D Conformal Treated Plans in Hepatocellular Carcinoma of the Liver

Dmin(CGy) Dmax(CGy) Dmean(CGy) D%(CGy) DOS(CGy) Vas(ce)

Number
of Case 2-D 3-D 2-D 3-D 2-D 3-D 2-D 3-D 2-D 3-D 2-D 3D

Plan Plan Plan Plan Plan Plan Plan Plan Plan Plan Plan  Plan
1. 1721 185.3 2209 2248 2067 2069 98 202 216 217 9 100
2. 186.9 188.0 2175 2225 2051 2049 194 197 218 216 99 98
3. 147.0 1711 2336 2204 2056 2044 200 194 213 218 100 100
4, 178.9 1885 2120 2145 2032 2043 198 197 207 212 100 100
Mean 171.2 1835 2210 2206 2052  205.1 1725 1975 2133 2158 995 995
+3SD +1725 X841 %917 £442 *146 £1.21 +4306 *332 £350 £278

Din : Minimum dose in planning target volume.
Dmax : Maximum dose in planning target volume.
Dmean : Mean dose in planning target volume.
Dgs: The dose that 95% of the volume receives

Dos : The minimum dose that 5% of the volume receives in high dose region.
Vgs : Percent volume covered by 95% of the prescribed dose for the target of interest.
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Table 4. Comparison of Normal Tissue Com-
plication of Normal Liver for 2-D
Respiratory Gated Plans and 3-D
Conformal Treatment Plans in Hepa-
tocellular Carcinoma of the Liver

the Liver

Number- Drmax(cGy) Dmean(CGy)

of Case  5.p pjan 3-D Plan  2-D Plan 3-DPlan
1 2190 2170 845 695

2 2178 2209 800 777

3 2311 2198 1183 1447

4 2129 2145 107 1211

Mean 2202 2181 984 1033

+SD +£773 288 +1897 +3094

Dmin : Minimum dose in planning target volume.
Dimax : Maximum dose in planning target volume.
Dmean : Mean dose in planning target volume.
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Fig. 5. Dose volume histogram for the remained normal liver in respiratory gated 2-D plans

and 3-D conformal treatment plans.
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Fig. 6. Dose volume histogram for the right kidney in respiratory gated 2-D plans and non
respiratory gated 3-D conformal treatment plans.

>

Ml

[e]
b
(<]

e

ful

=

2
£ Ho gol T
MEA 18 Fedsh 3w

A&A

ANE

& AFe vjaz b HSA XSz At
ZAL A E 3 A9 BY) g
A3 2EaTE 53 8E SIE Fig. 6 oA
Aols FF T £ e
FHdM e 2-1Y
o] 93] AL WAlKo] =AEE ¢ F

g
gl

¥ APl REHE PR JBE LS
¢ & ok AFNP] 2ANE YFAAS 22T
& AYgRes He WAde 2457 Hgd 24
of MR AT A% zAEE WAUF] AWA

ZFE 453 287 BEe 24
=)

a

ZHIF)Ol tiah MALA X EA]
DAY sPsAe dm

v atA) gkt

HRALAY AEEA o

oo X e N e 2 g oo

o]
e I 75 B4R Y A5 & 5 9
Hol 0% EABE AyFole Aol glx T
4} 2tz HYEA MNP FAHEY A5S
% glth B webA olAZkA geiz WA A
P ARN FFE AR Wl
HAAZRAZRE S Qo
71&9) 30-35GyRTH Y Ee
ojtt. A WAMAXIE AEA
YA xS AEE A% AF
AEA DS 25T 9
Za3ee A4an?
ZFA sk ABlE *F
402 2-3cm 2 4dA g
FAgAY Badlde BF 2% ¢3o=
ko] A9 Aol 12%AEe] SAMYYE siAn
NTCPZte 15%¢] o7} 2A@dia #ob® @d o

d A9 dEFHA ANE LHA Q7
29

by e 2ok
ol

O

r\l

L
2
[t
oX
O.?_Z ol

ok,
>
=
AL o
5

tlo o
rlo

32

A

o
ox
=
N
2
o

o 82 o
ol

)

b o>
0
ry
P
]

Ko
)
M
2
ol
ot

i
i
=)

o o

(R e A

i)
T
T

o

M
og 2
f
>

2o
ol
e
z
Y

by

B 2oz 22 dF7|BAE 3E 9T A
Aol MAAT NS 2o]7] YA BEFVY wE
A 5F AANAT HAAZAIE & 5 gl W
& AT Awsle] Aol REHoz Hgsw 3]
28 zEa7)e W wald 2zl glold EA
Rog ZEH: HAAXR A7l ZojHA @& 3



464 — Sang-wok Lee, et al. : Comparative Study between Respiratory Gated
Conventional 2-D Plan and 3-D Conformal Plan —

AE Hazsted Azie Agel AR vie] ¥
AstEd AN A7 B SR04 A3 AR
A Nz AL ofEldo] gtk walA o &
ARE FEI) 98ME 4 AFETIN 9
W&y YA o] Hol Y& F Y& IAFE
APrt&r2 ZAE ol Aol "asdiva 4
Zrdth el oiF 3EFVIG W XsA nEHA
of & Hoge NIFAYE FFH TF FIAA=E
HEAg B2 71718 ojfdd ZL ZEF7A w
2 9Ae 9+ A 94 Faun®

A AN 2Z/F FURLEAVY AR EE
Zo|7] 98 og8x e -A4d dA=YAEE
A A BRA G Fgde) AREA F
o] ¢x4 27|E Hetdtn FRRFFEY AXH
AZ 4A BozA YT A 998 Ao X8
53, TS oA WALAE AR 54779
WAL 9 E8 Folx, WAAY duE A7|E A
A zApEl A B3 9E F Joke FRS AF
HARAGIANN 1A e PARXE F 24
g 4 9 FuRe 29 F Atke oJ&H wAE
AR P @ 2enEge oAE Fo7] A% Y
& AFHASAGL TF o8 stz 2-3cm A
=2 gFole Ao HE&dE Ao Be dA4E
HAa Aztgh ADExFAFol FHA437]
9 $1Xet &x3e ATEA el BAY A
o] BotA Avle A4AA £, 18 setup &
3 £ a@sier & Ago|?

ol B A3 @A AReA el did WA
Azugel 7€ SHAM A 3Eojop & ko]
3-x47F gH 2FAF o] ohetm Yztslo] o]
BA XA v|aRMe drad 478 AYsigd.
o g -394 YAXYA=E BLI) AP F

91 Michigan tH&elAe] dFRuANNE Zre] A8}

£%5¢ 28 2-3eme) A3 HAE W ALE
EAAHE AP & okdAA e BF 9
& 3R $49¢ 92 3 gHelN -44 g
AzPARE P A4 2Ie Q% oW 3%
o 9% e £YL AYLEAAA] ZHs}o]
-3 YAZPINARE Jghel AgF A=F
e AEse B4 oA FRHAE 2Y
A Az 9 HgEL P4HD Y22 ¥aA
312 348 AR Al ol B FEF glol
F¥e 24 T & YU 2308 -2 4Rz
Yz AALeE VHE2PAE GAT 1 TFE

39 SHojAx gl

0,
4

BB
e > e

PAE X2E AT oM FHH
Z2RL Aol & F 0L wFe FET A
a7) s AGEEAAH NS de] F
oA B FRze WA :F HUY Fo
= Rolgt & & e, I EFe PulelA ©
A 4oy BU¥e 3 Y= A4 B
WAL de) R 2T FLAFPT F
1o AQEd gy W) 7|&e NEAYY
= Zg tid siAe 2/ AFsA e} 3
QA 71E9 AT AHYFAPEQY 2-F =AM
U 478 o]&3 3-F 2AME Iga 4-8 24
boxo2x AYLEAHAANY AFe] Fd4E T
e gE ArldNg e oEee sita 4%
9P B o7 ZndA 2378 /&9 2-Ad A=
Aol ANERAANHY FLPL 238 -
24 ARAYY ARAAA FEE A T & 3
Ak Are] £xo] W@ ISP £H
Bl &L o 3%AE o 2-X49% ABAYAA ERE
9 2 olfs TE 9T FeERYe AfEny
ARE ARSE=GAM A Aoy} oRo] WAL
AE}AEL NTCPE At o= =9 9
£ NNEAS 2AF B¢ @A 2 a7 f
A AT 2 BaE A Q7] WEe] EAYNA
o] A7 F@He B AT AFHE vasyldE d#e
o] Btk et Al BEo] 71Ee X5y
A 5F 9% +HYL wiAE AFEHAEAY
& AN 2 339 AZPA =4 wlste Y
oA A g 23 I $EET FE YL BF
sgit) Zel] Oig -3 YARINEA ABALY
o) 719 wye) ANe AYLIAANHN R AP
o) FYAL 47 9F 2HEdE FARRTZA T
A7) WAd AHE Foled I EFo] Y A
25 3 379 AHE ot 8] B F
Anglel'® WA e AGZded F9 AGS
HRE A7) i8] NTCPZE Adaled, o Aihy
ol 7IAE FAFL &7 2t HAA, HolHs o
2R 7] AAE AR 2A § FARAE] 5
Wulol] 5%9} 50% #HFel JUHE AQMBYE
ol Aoz, BE AVNE ZAG AFE JHE
AgEdE AAY P9 24 g4 Az F7)Y
AR Bk zAEy] WEd AA FE A AR
g RIS A F7ld HEE otk B
B, ZAE dde 72 PYPFRAeln 22 B
FIHe BA HFA e A ALIAve
Aotk AW AA 3-Ad A YA

ne o
ox fio
o

o

2

N

:3
LA
AL VI (e e:3

X & Rlr
=l
.\]}1'}‘

0

i



—J. Korean Soc Ther Radiol Oncol: Vol.

G Zr2oA HAF 54 o) uhdgA] AL
Hol HAMY AEGAQ ZPM 2L AFYE 4=
7le oEA 3-AY fA FIFANIAYAgE =
9 EFYAE A 2AsY) 4 AdEE &
Fgel = Zol7t gt nixgos YRR AYAS
2 A gEL 47 dE a7r|gdA e g8
E B3N Bug AL 288 Argsty) oE
o ®Helele] Mol WolRtkE ek uwrehr
AdB NTCP Zke) dE 5o 052 #AS- TAMH 2
gol LAY FEo] 50%F A g 19
U Blustnz} s T e NgAYgddA AR
718] AFol wE WPALHAFS o]&3e] NTCP #H&
At 3 A9 NTCP o] 2 AS$ WALM zhgo] 1t
A ZEo]l ¥ & AoE 428 5 gl

3EF7)) wWE WAMNEI} sy 9HME
IEFI wE A¥NEIE Aol # 5 gloelst
A FEAAEY B XBAYE rEde d8E
AR m@o] 9A "adch T -39 A=Y
AEA 3FF)] wel YA ARE SbestA 8
7] $ %ol odivn A=A old B¢ A
BE A 9ol B4 # £ Qe A4E 94X
g F e FXEo] oy Auslojer ¥ o=
Azan,

IO [

2 =

) g PAARRA,
ARAEAYE s A
o QoA BFel @ b} 4 £3uAE wels
A 97) WEe] AR AHE o %AT o
REE 5 AN qf‘ﬂ 99 Aol 248 ==

QB RGN 3
AJBEANHE 28

B0l 09 A Be PaAslA da BAR
B g APE Adez o Be 9o ¥ D
238 PAhao) w2IE A0 248 29 £ 3
€ Aos gzan v AT GF PANL B
% & e AYAEI ABH 5FF
5":: 2-2

B

3 u}
9 BAAREA] 18] A8 AQFE= A7)
PN 2 g37] oHE WE LojAE v
& 3% ¥ § 59 4 BAEIRAe
A EE &

%ﬂt}%’%’\%l-%ﬁ

10.

11.

12.

13.

. Lotze MT, Flickinger JC, Carr Bl

. Sasaki Y,

16, No. 4, December, 1998 — 465
Zo=2d

. Kim IS, Kim HJ, Oh HC, et al. The cancer

registry program in Kangwha country, the first

report. Korean J Epidemiol 1984; 6:100-105
Hepatobiliary
neoplasms. [n ! DeVita VT, Hellman S, Rosenberg
SA, eds. Cancer principles & practice of oncology.
4th ed. Philadelphia: Lippincott Co. 1993; 883-914

. Ringe B, Pichimayr R, Wittekind C, Tusch G.

Surgical treatment of hepatocellular carcinoma:
Experience with liver resection and transplantation
in 198 patients. World J Surg 1991; 15:270-285

. Lee Y-T N. Systemic and regional treatment of

primary carcinoma of the liver. Cancer Treat Rev
1977, 4:195-212

Imaoka S, Kasugai H et al. A new
approach to chemoembolization therapy for hepa-
toma using ethiodized oil, cisplatin, and gelatin
sponge. Cancer 1987, 60:1194-1203

. Shijo H, Okaazaki M, Higashihara H, et al.

Hepatocellular carcinoma: a multivariate analysis of
prognostic features in patients treated with hepatic
arterial emboalization, Am J Gastroentrol 1992; 87:
1154-1159.

. Yu YQ, Xu DB, Zhang WZ, Yuan YF, Li GH.

Randomized study of chemoembolization as an
adjuvant therapy for primary liver carcinoma after
hepatectomy. J Cancer Res Clin Oncol 1995; 121:
364~366

. Guthrie CM, Leahy AL, Redhead DN, Garden

OJ. Transcatheter hepatic arterial therapy for symp-
tomatic liver malignancy. J Royal Coll Surg Edin-
hurgh 1991; 36:384-387

. Haddad E, Le Bourgeois JP, Kuentz M, Lobo

P. Liver complications in lymphomas treated with a
combination of combination of chemotherapy and
radiotherapy preliminary results. Int J Radiat Oncol
Biol Phys 1983; 9:1313-1319

Kim TH, Pannahon AM, Friedman M, Webster
JH. Acute transient radiation hepatitis following
whole liver irradiation. Clin Radiol 1976; 27:449-454
Poussin-Rositlo H, Nisce LZ, D'Angio GJ.
Hepatic radiation tolerance in Hodgkin's Disease
patients. Radiology 1976; 121:461-464

Lawrence TS, Ten Haken RK, Kessler ML, et
al. The use of 3-D dose volume analysis to
predict radiation hepatitis. Int J Radiat Oncol Biol
Phys 1992; 23:781-788.

Cohen L. The tissue-volume factor in radiation



14.

15.

16.

17.

18.

19.

20.

21.

23.

24.

— Sang-wok Lee, et al. : Comparative Study between Respiratory Gated
Conventional 2-D Plan and 3-D Conformal Plan —

oncology. Int J Radiat Oncol Biol Phys 1982; 8:
1771-1774

Ingold JA, Reed GB, Kaplan HS, Bagshaw MA.
Radiation hepatitis. Am J Roentgenol 1965; 93
200-208

Ten Hanken RK, Martel MK, Kessler ML, et al.
Use of Veff and iso-NTCP in the implementation of
dose escalation protocols. Int J Radiat Oncol Biol
Phys 1993; 27:689-695

Lawrence TS, Tesser RJ, Ten Hanken RK. An
application of dose volume histograms to the
treatment of intrahepatic malignancies with radiation
therapy. Int J Radiat Oncol Biol Phys 1990; 19
1041-1047

Emami B, Lyman J, Brown A, et al. Tolerance
of normal tissue to therapeutic irradiation. Int J
Radiat Oncol Biol Phys 1991; 21:109-122

Ten Hanken RK, Lawrence TS, McShan DL,
Tesser RJ, Fraass BA, Lichter AS. Technical
considerations in the use of 3-D beam arrange-
ments in the abdomen. Radiother Oncol 1991; 22:
19-28

Lee SW, Oh YT, Kim WC, et al. Dosimetric
characteristics on penumbra regions of the multileaf
collimator as compared with the lead alloy block. J
Korean Soc Ther Radiol 1995; 13:391-396
Robertson JM, Lawrence TS, Dworzanin LM, et
al. Long-term results of hepatic artery fluorode-
oxyurididne and conformal radiation therapy for
primary hepatobiliary cancers. Int J Radiat Oncol
Biol Phys 1997; 37:325-330

Ten Haken RK, Lam KL, Balter JM, Robertson
JM, Hazuka MB, Andrews JC. Assessment of
liver and lung motion for conformal therapy using
radiopaque markers. Med Phys 1993; 20:1293

. Kubo HD, Hill BC. Respiration gated radiotherapy

treatment: ‘a technical study. Phy Med Biol 1996;
41:83-91

Ohara K, Okumura T, Akisada M, et al. Irradia-
tion synchronized with respiration gate. Int J Radiat
Oncol Biol Phys 1989; 17:853-857

Ten Haken RK, Balter JM, Marsh LH, Robert-
son JM, Lawrence TS. Potential benefits of
eliminating planning tfarget volume expansions for
patient breathing in the treatment of liver tumors.
Int J Radiat Oncol Biol Phys 1997; 38:613-617

. Niemicko A, Goiten M. Calculation of normal

tissue- .complication probability and dose-volume
histogram relation schemes for tissues with a
critical element architecture. Radiother Oncol 1991;
20:166-176

25.

271.

28.

29.

30.

31.

32.

35.

36.

37.

38.

Lee SW, Kim GE, Keum KC, et al. Clinical
application of 3-D conformal radiotherapy for car-
cinoma of the ethmoid sinus: 1. Comparative ana-
lysis between conventional 2-D and 3-D conformal
plans. J Korean Soc Ther Radiol 1997, 15:287-296
ICRU Report 50. Prescribing, Recording, and
Reporting Photon Beam Therapy. International
Commission on Radiation Units and Measurements,
Bethesda, MD, 1993

Lyman JT. Complication probability as assessed
from dose-volume histograms. Radiat Res 1985;
104:5-13-5-19

Jackson A, Ten Haken RK, Roberison JM,
Kessler ML, Kutcher GJ, Lawrence TS. Analysis
of clinical complication data for radiation hepatitis
using a parallel architecture model. Int J Radiat
Oncol Biol Phys 1995; 31:883-891

Lyman JT, Wolbarst AB. Optimization of radiation
therapy, M: A method of assessing complication
probabiliies from dose-volume histograms. int J
Radiat Oncol Biol Phys 1987; 13:103-109

Kutcher GJ, Burman C. Calculaton of com-
plication probability factors for nonuniform normal
tissue irradiation: the effective volume method. Int J
Radiat Oncol Biol Phys 1989; 16:1623-1630
Kutcher GJ, Burman C, Brewster L, Goitein M,
Mohan R. Histogram reduction methods for cal-
culation complication probabilities for 3D treatment
planning evaluations. Int J Radiat Oncol Biol Phys
1991; 21:137-146

. Burman C, Kutcher GJ, Emami B, Goiten M.

Fitting of normal tissue tolerance data to an
analytic function. Int J Radiat Oncol Biol Phys 1991;
21: 123-135

. Lawrence TS, Dworzanin LM, Walker-Andrews

SC, et al. Treatment of cancers involving the liver
and porta hepatis with external beam irradiation
and intraarterial hepatic fluorodeoxyuridine. Int J
Radiat Oncol Biol Phys 1990; 20:555-561

Balter JM, Ten Haken RK, Lawrence TS, Lam
KL, Robertson JM. Uncertainties in CT-based
radiation therapy treatment planning associated with
patient breathing. Int J Radiat Oncol Biol Phys
1996; 36:167~-174

Jones KR. A respiration monitor for use with CT
body scanning and other imaging techniques. Br J
Radiol 1982; 55:530-533 .

Urie MM, Goitein M, Doppke K, et al. The role
of uncertainty analysis in treatment planning. Int J
Radiat Oncol Biol Phys 1991; 21:91-107

Robertson JM. Lawrence TS. Dworzanin LM. et



— J. Korean Soc Ther Radiol Oncol : Vol. 16, No. 4, December, 1998 — 467

al. Treatment of primary hepatobiliary cancer with 47695, NO1- CM-47696 and NO1-CM-47697
conformal radiation therapy and regional chemo- 40. Rubin P, Casarett G. A direction for clinical radia-
therapy. J Clinl Oncol 1993; 11:1286-1293 tion pathology the tolerance dose. In: Vasth JM,
. Emami B, Lyman J, Brown A, et al. Tolerance ed., Frontiers of Radiation Therapy and Oncology.
of normal tissue to therapeutic irradiation. NCI Vol. 6. Baltimore: University Park Press 1972;1-16

Contract Report for NO1-CM-47316, NO1-CM-

=

A8 =

Ao

AN SEFIIE st 2-X1 WAKM RZdHHa
UANEY AZLWROA HARE 2t OflFQ] HimT

QAATHEEE )ohe AASHIE X RRAATSRA, AgnAet P

olaR* - ZA* . mMzEaT . o|RrH* - MEIA* . ME2*
5 El : HJ/\}**X]iﬁlQ/\l BFe 9% A7) v"“’ o] s F¢ TFo] WAHIX g
= & 3]
Ry [o3~1

& B2 719 3A 43 E Yo E dto] WAMIRE AF
LAFEALANA AEAE sFh 2EFF) e AR EE AP Bevdn 7HRst A
SxHAH 43t HAE F9 7|EY 2-AY A=2AYLSE NPT B9 AFFA EFAHA
AgE 3-A9 JARIPX=AA AN FHPLErY AFAHI2EIETL normal
tissue complication probability(NTCP)E v 33t}
g It: ke 5F g st FEAE 2-8em 01%1 ZEFV B2 71EY 234 A
AXg PEA AREA ZEEA APE 3-AYH AzFAE -4 A LEXAHH
G4z, FHAEE7 ) AFAHI| 2EDH ) Taif& ol #AAY 4 YA =Y AR
ore} NTCPE] Apol® #HT + AU
A E: ol dig PARAEA 5F g3 Friel ALE 2 YAAARAY L A
Z]i‘)ﬂ wE P Bl g FoF L T AR AAHND FF o] EAFE F&

T e B A7V 22 ¥R E AZEn



