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ABSTRACT

I. 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.

I. 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.

M. 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 05 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%.

IV. 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

Variables i i
Breathi 'Ijotal Rerflamed GTV Beam su.peru?r to Veo NTCP
reathing liver liver (%) path inferior (%) (%)
status volume | volume ° length(cm) | shift(cm) ° °
Breathing ([Mean | 1570.43 1390.19 209.27 89.45 1.67 32.23 0.55
free STD | £269.00| £22161 | =206.63 +3.67 *£2.05 £2047 | ££0.09
Inhalation Mean | 1532.14 1340.25 173.60 89.23 1.16 32.43 0.54
STD | £20143| £217.05 | =167.85 +3.69 *=0.76 +16.88 +0.09
Exhalation Mean | 159843 1434.32 201.18 89.80 2.03 39.63 0.53
STD | £202.12| £231.89 | £202.52 +3.72 +1.96 +18.42 +0.10
Table 2. Statistical results of variation between inhalation and exhalation
Variables | .10 1 liver Reﬁ‘:;‘ed GTV E:)Zihm S“ifl‘;r;r‘;(r)rm Vs | NTCP
0, () 0,
Statistics volume(%) volume(%) (%) length(cm) | shift(cm) (%) (%)
Max 7.9 13.23 30.69 1.1 3.74 235 13.7
Min 1.2 25 1.17 05 05 7 0.52
Mean value 1577.15 1379.95 189.3 8952 8.45 33.82 | 0.5323
+19595¢cc | *23465cc | £184.7cc| +8952cm | +12.645cm | £20.46 | £0.088
M e an  ,q 5.8 24.9 0.7 0.8 105 5
difference
T-value -2.31 -2.82 1.21 -4.11 1.40 -1.53 1.47
P-value 0.060 0.030 0273 0.006 0.212 0.177 | 0.200

2. A9-F%7 A2 (Beam path length)2] W3l 2 7H4e] A3H(Superior-inferior shift)
olF A W3} &4
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ZFol7h YATh(F12%8=2) 18 12 3 axol 580 mE 7h4e] 94z #MEE =43l7] 93ste] DRR
FEez AT 2ol A7ldA B § l%e] 3xl9 fz%—z} A719) o]FL wig A ERsth
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Fig.1. GTV and Liver at the breathing free, inhale and exhale phases projected onto' the
digitally reconstructed radiography (DRR). Right view : exhalation CT data, Middle view :
breathing free CT data, Left view : inhalation CT data
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Fig.3. These dose volume histogram (DVH) were constructed for illustration by

comparing the fraction of the normal liver receiving to 50 % of the isocenter
dose associated with GTV margins
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