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-Abstract-
Volumetrical changes of liver associated with breathing
and its impact to normal tissue complication probability

Jung Hee Cho, Joo Ho Kim, Suk Lee, Je Il Park
Dept.of Radiation Oncology, Yonsei University, College of Medicine

Purpose : The aim of this study is to investigate geometrical and volumetrical changes of liver due to breathing and
its impact to NTCP. In order to attain better treatment results it should be considered deliberately during planning
session.

Methods and Materials : Seven patients were examined in this study who have done TACE for accurate tumor
margin drawing. After contrast media injection, C-T scan data were obtained in supine position during breathing free,
inhalation and exhalation, respectively. For all patients C-T scan were done with same scanning parameters- 5 mm
index, 5 mm thickness and pitch 1. Based on C-T data we have measured differences of each variables between
breathing status such as changes of total and remained liver volumes, GTV, beam path length and superior to inferior
shift. NTCP were calculated using Lyman's effective volume DVH reduction scheme and for this NTCP calculation,
the V50 was computed from DVH and each m, n value were referred from Burmans data. ,
Results ; The measured total liver volume and the remained liver volume changed between inspiration and
expiration about 1.2-7.7%(mean+2.7%) and 2.5-13.23%(mean=>5.8%) respectively, and these results were statistically
significant(p>0.1). The GTV difference in each patient varied widely from 1.17% to 30.69%, but this result was not
statistically significant. Depending on the breathing status, the beam path length was changed from 0.5 cm to 1.1 cm
with the average of 0.7 cm, and it was statistically significant(p=0.006). The measured superior to inferior shifts were
ranged from 0.5 cm to 3.74 cm. The NTCPs were changed relatively small in each patient, but the variation was large
between the patients. The mean NTCP difference was 10.5% with the variation ranged from 7% to 23.5%.
Conclusion : Variations of liver volume and of beam path length were changed significantly depending on the
breathing statues and the range of variation itself was

very different between the patients. Since this variance could seriously affect the clinical outcomes of radiation
treatments, the breathing of patients need to be accounted when a final treatment planning is decided.
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Table 1. Comparison of each variables difference due to breathing status
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Table 2. Statistical results of variation between inhalation and exhalation
Variables Total liver Rerpalned GTvV Beam superior Vso NTCP
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Fig }. GTV and Liver at the breathing free, inhale and exhale phases projected onto the digitally reconstructed rediography(DRR)

Right view : exhalation CT data, Middle view : breathing free CT data, Left view

t=1
inhalation CT data
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-19-



% 7301%} Al UrE‘rkkour 7H 7&«1
Z Aol g Eg). 5719 §71
o] BHFL 0532302 AAEAeH FH 5%
zlol & Bt 2§ v A Te 1472 AR
Bo} @A e Aolrt 32X @& Aoz ALt
ATH(FE128 %)

9ol wpet Zhzte) &
l%_’— 04 FAZA Z U &5
Hoﬂ lz} & Aol B2 2H77HEA
%PT,M MRAZE zkel 7} ZA GERG B AT &
0 2HE YEFCRE AEste Ade g2 A
oFo] wp2zjg}t AlRHETH 28y & AT Al
A & g A%l BE Yo A7 FFel 254 3
of A ZFo met Frie] A Wiste} £ ] W3}
7} & zfol & Holg RA& & 4 th
2 A7 A Frle oid ZHqA B & U%
ol B F2.7%2 sty gld o Ao 7.7%<) ¥
37t e AE ¢ F Al 2y o] 2 e
Balter§-0] 2733k, 4%} W3l the AA Jeby
o} Zkej 7he] &8 Aol M= B 5.8%<] W3l
g B2gon v 2323%2 W3 Bh 7 ¢
o g Aol A= BT 24.9%9} H i 30.69%2] =
@2l A% E KGed ole & 47 A9 g
Bol Zko] A7|7F & FAE YR 97
o) Zoll ol o gt Aol 7t SHAHCZ Ve G Ao

sz C-T @Al Aol

oo

TLZ Fxboll it B E &3 Aoz Fxte
F71¢F w7l gl we} 140 &A e & WatE
dozd 4 9l7) wf it

adeg g8 AP 257 Q8 B_zq_,] =]
35 27l M e o £87]9 22 FH|E o) &
st FAT 2B NA SH s Ao viEE] &
Aot

TEo wE A719 92 W3t 0.5cmol A FH o)
3.74cme] W37l dojutb= A 2T F 9oley
7 8.45mme] o] Fo} 3t} o] 3} Suramo
7 Bud &3 ) Ao] 5.5cme} Davies7} 99
$AE ez AT Hug 3.7 +8cmS} A
2%e 2gth HEES e Ave ATHE 4
8l o] 5 Ho] 1.67cme 2 &% 5 o] Wader} K11
3 1.6+2cm Y Weiss7} B 118 1.3+5cme] 2 7 ¢}
SR ATRE B 5 AN D) BE] G2
23t o] F2 e 0,8cmo] o] Fdle Ao E FHH
Aot A & 0.5-3.74cm ] o] Fo] # & of
W 2 AXGE HY 1 o] = Weiss7F E23F 11mm
Y} Davies2] 10mmse} FAHE A3 E B g,
Graig(2001)& EF&oll 23t A7) o] Fx A& 9
2] o] Al dod = e L/ EAE A
S d BEFHAH S EEHAT AT HF S
3, Apatako 2 7hzt 52, 4.1, 4.8mm o] on =k
& 2 S W 47 6.0, 41, 49mm, the] ¥
AE 2H YL 1 46,30, 45mme] QA E Hol 8
A AR ] Had S A2 X gAY Al
A RtEA] o] BFANE 2 ¥ A S A3t

ESE FoFo Uiste] dEFHOR AL FUd A
Zﬂtﬁ; 3 8 3P°4 Aasd S e I8 &2 4
Z ZFd dsto
%gﬂoé%m%HMmﬂﬁﬂ%%%ﬁ£W5
F& 747 92%, 8% XTAA F YA TEE A
BE F U FE2 95%9) A3 7oA o 4%2)
Aol E HPon ol FUd thdted 5Smme] A A
BE FAL o 10mme] v & FFRFFE(
Tumor Control Probability,o} 3} TCP)& < 4% 2+

-20-



£EF Alii—tﬂ 1—*
A8A B olnlah A oA
A4 A gl o1 Aol 7hEAol S 9L v A e
gqlez 2gsn Fvh4 %24 (build-up point)
ojstel Aol ABEES 2 FFL A 5
ATh. Balterel] o] &b 3] F-ofl A FEt A7t lem
A3l & A S 15MV o 2] 2] 10-12cm o] oA =
2] ) £ 1] (Tissue-Phantom Ratio, TPR)7} 2 2-3%9]
A g zst Aoy 5mme] W st Al ol & 1-1.5%2)
Wyt dojdtin BRusti gk 2 B2 3F
o} 3 B R-FF T Ao Wztel] WG 1 E T A
& AFsm Ut oY} =HE H2 3 FE 2H
80y A 55 A3l Gated radiation therapyol
Be HHL UFA7I ek F sk Pg, A% 5
3 o) BFo) ke 4719 o] Fol A 7%l T
ol £FS WA Sel vhal elolA W oRa
Hel 247 st BHoz ABFA
(Spirometer)&& o] &3l FHFZ2FS AU B
38 FAld Fgode FAFE S7HA NICP
£ Hasen FIANEE TCPE S7HA4 5 Sl
HEC] s n ot FA]5tE vhe} o] 2+
BT WA g A S A Hoe A
ZAME A o] 98] AA F3}L W=t dutAd o
AA 2ol g g A FLS 30-35Gy Atell
o2 BaHan ot 22y FFS A RIede
45-60Gy ] A FHE zAlejof slmg G4 4] 4
Az L Bu3y] A JaAg S F#HE3te AL
u - 8. 8km o] ¢ e st} Bol o] ¥ &= A&}t
NTCPo|th. NTCP= YWt o 2 v gy & Ao
420 3R 02 Lo P Bt et
15}_,_ A}\_@)\}g\_zl_,] AA}@EE ;gabﬂ o= U]ﬂ
dZsHe $HOE o g5 3 Yom AdE Ui
Moz Be NsSo) BAHY 5] u A
of & #}o]E Helth NTICPS| A44 & A7y
M = A A3 Fo] Lyman®] AAb4] & o] &3}

a2 10 o

fa

O

—

I

AAstsict 2423 oln] AFR R TF WY
ol BAALE Fo]3 Aol & EolA] FYAT
FA7He] HUAE 052-13.7%2 w)¢ A Jehge
D% NTCPE Al4tst7] A8l 73 A #Fef 50% &
3 7-23.5%% 2 BgE BT ol A Fol
AZo] TFY A L A7), Bl Y3 FF
a3y qELE AT E dFM s ZA
HE O] AF g 28 2AEE 7 E o2 ALt
89 7] g Rol dA RN Az 79
ol thigkoll A o 2A}7} o] Fojx] i} ofoff it 3
HE AR Aol Aoz F 83 3o g wgd
o 24 EE B dFY A5e @es) NTCP o
AL Bdsted shte zAtEs @ Holx 4
A X & Aol e 2zt &2pvirte] X 84 ol ol &
NTCP9] Al 4te] ¥ g 812l 2 A2 E ).

l-
coi

=

2
!

s

=
l° ol

B

V.ZE

1. 582 289 Wy =3

g gE e W 2P AT 554
ol g@o] A Jeton 5719 717k EAA
T} A 0] 1.2-7.7%2] 2po] & K.Y 11 HF 2.7%] &t
o7} AATh ol W Tate -2312 G 4% 0.10)A]
EAH o ofn] g 2ol & KA (p=0.060)

ol zbel §4 BEAHD 827F 2.5-13.23%9]
Aol 2 W on] AR 58% Aol2 KA. A
BA%E 2822 VERY 37] Ald] F7] Al Bk 2
dgxo] AA YBUE Aoz Jeyoy
(p=0.030) EF2] &R A= B2 By} 1.17-
30692 & AolE Ry ou Ayt BA Aubo A
E EARCE §9% Aol B RolN B
o} (p=0.273)

2. MA-3U7I 0§ el ¥ o] Mt 0|3
(Z-shift)Hel &3
SEFA e I RAAT A Hsle 3 2
T FAzte = 0.5-1.1eme] W37 dQ o B

221 -



07cmo] Watahe RO 2 Yebeth AP EA LT -
4112 F7|Ao] 371419 w8 SSD7}H T 0.7cm
9EEE Aoz 2HHR e Fo$F 0.05004
BARCR §98 Aol g Hole Ao2 ey
th.(p=0.006) =3+ 43}3F o] & Al HF 0.8cme
2 235 Qo0 g2zt E 0.5-3.74cme] ¥ 3}
ARt 2 Y Fae BY AdaE 593 3o
£ Holx & Aoz FHHUY.

3. 50% ZA M2 8EH(V50) ¥ HMzZaAH
& BH(NTCP)

V50L& 5& W 7 7-23.5%9] Hol& Hen
B 10.5%8] 2ol & Bth 28y @ B4
Me BAHLE 7 Aol & HolA] gtoy 7l
Ao Aol A etk B AR EGE
€9 AdAME AT & 0.52-13.7%9] A}o|E
Bgom B 5% ol By ot Jazt 4
M e 97 xfo] & HolX] gkgtet.

28

1. Jone W.WongMichael B.Sharpe,David A. Jaffray,et al.

: The use of active breathing control to reduce margin
for breathing motion.Int.J.Rad.Oncol.Biol Phys.
1999;44:911-919.

2. KE.Rosenzweig,].Handey,DM.Mah,et al. : The deep
inspiration breath hold technique in the treatment of
inoperable non small cell lung cancer.Int.].Rad.Oncol.
Biol. Phys.2000; 48:81-87.

3. KM.Langen,DTL.Jones : Organ motion and its
management. Int.J]. Rad.Oncol.Biol Phys.
2001;50:265-278.

4.Tim Craig,Jerry Battista,Vitali Moiseenko,et al. :
Consideration for ther implementation of target
volume protocol in radiation therapy.Int.J. Rad.Oncol.
Biol.Phys.2001;49:241-250.

5. Balter JM, Ten Haken,Lawrence TS,et al. : Uncertainties
in CT-based radiation therapy treatment planning
associated with patients breathing. Int.].Rad.Oncol.
Biol.Phys 1996;36:167-174.

6. Balter JM , KL.Lam,C].McGinn,et al. : Improvement of
C-T based treatment planning models of abdominal
targets using static exhale imaging. Int.J.Rad.Oncol.
Biol.Phys. 1998;41:939-943.

7. Weiss PH,Baker JM,Potchen EJ.: Assessment of hepatic
respiratory excursion.

J.Necl. Med.1972;13:78-759.

8.Shimizu S, Shirato H,Xo B,et : Three dimensional
movement of a luver tumor detected by high speed
magnetic resonance imaging.Radiother Oncol.
1999;50:367-370.

9. Davies SC,Hill AL ,Holmes RB,et al. : Ultrasound
quantification of respiratory organ motion in the upper
abdomen.Br.J.Radi0l.1994;67:1096-1102.

10. Suramo Let al.: Cranio-caudal movements of liver,
pancreas and kidneys in respiration.Acta.Radiol.
Diag.1984;25:129-131.

11. C Kutcher GJ,Emami B, Goitein M.: Fitting normal
tissue tolerance data to and analytic function. Int.J.
Rad.Oncol.Biol. Phys.1991;21:123-136.

12, John T.Lyman,Anthony B.Wolbarst:Optimization of
radiation therapy,IV:A dose volume histogram
reduction algorithm.Int.J. Rad.Oncol.Biol.Phys.
1989;17:433-436

13. John T.Lyman,Anthony B.Wolbarst:Optimization of
radiation therapy,Ill: Amethod of assessing complication
probabilities from dose-volume histograms. Int.].
Rad.Oncol.Biol Phys.1987;13:109.

14.John T.Lyman : Complication probability as assessed
frome dose-volume histogram.Radiation Reserch.
1985;104:5.13-S.19.

15. Kutcher GJ, Burman C.: Calculation of complication
probability factors for non-uniform normal tissue
irradiation:the effective volume method. Int.J.Rad.
Oncol.Biol.Phys.1989;16:1623-1630.

16. RE.Drzymala,R. Mohan,L.Brewster,et al.: DoseVolume
histogram. Int.J. Rad.Oncol.Biol.Phys. 1991;21:71-78.

-22-



