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[ABSTRACT] BACKGROUND & OBJECTIVE: Accurate definition of target
volume is difficult in three-dimensional conformal radiotherapy (3D CRT) for
liver tumors because of the wide moving extent of tumors with respiration.
This study was to define individualized internal target volume (ITV) using
four-dimensional computed tomography (4D-CT), and compare planning
target volumes (PTVs) and dose distribution of 3D planning with 4D planning
for hepatocellular carcinoma (HCC). METHODS: Seven primary HCC
patients received 4D-CT scanning. Gross tumor volumes (GTVs) and clinical
target volumes (CTVs) were contoured on all 10 respiratory phases of CT
images. The 3D and 4D treatment plans were made for each patient using
different PTVs, namely, PTV-3D derived from a single CTV plus conventional
margins; PTV-4D derived from ITV-4D which encompassing all 10 CTVs plus
setup margins (SM). The two plans were designed at the 20% respiratory
phase CT images using 3D treatment planning system and compared with
respect to PTVs, dose distribution to normal tissues, normal tissue
complication probability.  The prescription dose and design of irradiating
fields were identical for both plans. RESULTS: The average PTV was
(417.6 £197.7) cm® in 3D plan and (331.9+183.1) cm® in 4D plan,
decreased by 20.50% (12.60%-34.40% ). PTV coverage and dose uniformity
were similar in the 2 plans. 4D plans spared more normal liver, kidney,
stomach, and small intestine than 3D plans, especially for the liver. The V30
and V40 of the liver were lower in 4D plans than in 3D plans (33.59% vs.
38.77% , 22.62% vs. 27.32% ); the mean dose to normal liver was decreased
from 24.13 Gy to 21.5 Gy; liver complication probability was decreased from
21.57% to 15.86% .
probability, the prescription dose was higher in 4D plans than in 3D plans
[(54.86+2.79) Gy vs. (50.57+1.51) Gy], increased by 9.72% (4% -16%).
CONCLUSIONS :The 3D plans have pitfalls of geometric miss or over
coverage of target volume. The 4D plans can accurately definite target

Without increasing the normal tissue complication

volume to spare more normal tissues and make dose escalation as
compared with 3D CRT.

KEYWORDS: Liver neoplasm/radiotherapy; Three-dimensional treatment
planning; Four-dimensional computed tomography (4D-CT); Dosimetry
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30.6 30, , Table 1 Clinical data of the 7 patients
) . with hepatocellular carcinoma
No.  Sex Age  Tumor location Tumor size Child-Pugh Liver volume
ears em dearee o’
’ (three-dimensional 1 Male ()68 ) Right lobe 4.(5><5).6 gA 1(085.>32
conformal radiotherapy, 3D CRT) 2 Male 40 Caudate lobe 6.0x7.3 A 1 288.64
) 3 Male 33 Caudate lobe 3.0x4.2 A 1 341.30
5 s 4 Male 39  Right lobe central  6.5x7.8 A 1 200.75
, 3D CRT 5 Male 56  Right lobe 7.4x8.5 A 1182.17
(.2 6 Female 58  Right lobe 6.2x8.0 A 1374.18
° 7 Female 58  Right lobe 3.3x4.8 B 1232.36
, (clinical target volume,
CTV) ,
(internal margin, IM) (setup margin, 1.2 4D-CT
SM), (planning target volume, , ,
PTV), X o
N , 4D-CT .GE Discovery ST 16
, slice PET/CT 4D (Advantage 4D) | Varian
-



| JemK

, . 4D-CT 3
RPM 0 )
(real-time positioning management respiratory gating
system) . N (L=20 Hu,W=400 Hu),
CT , 1.5
\ ° 20% CT
4D-CT :3D CRT 4D RT
, , 3D 4D o
PTV-3D .PTV-4D , Elekta Precise
o , 4D-CT , 8 MV 15 MV-X ,
N ) , o ,90%
CT ; , PTV,
CT o (dose volume histograms,DVH) | N
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)Y  ( ) 0.7~1 ecm,Z
( ) X
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50%
TD50 n, m

Burman > 2.
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Table 2 Normal tissue complication probability (NTCP)

parameters values

Organ TD50 n m End point

Liver 40 0.32 0.15 Liver failure
Kidney 28 0.70 0.10 Clinical nephritis
Stomach 65 0.15 0.14 Ulceration

Small intestine 55 0.15 0.16 Obstruction
TD50: the tolerance for a 50% complication; n: volume-effect

parameter; m: steepness of the dose-response at TD50.

1.6
: =30 Gy
V30<50%; (mean dose to normal
liver, MDTNL) <31 Gy; >
20 Gy, 90% <18 Gy; <40
Gy,1/3 <60 Gy; <54 Gy (10 cm?);
<45 Gy,
1.7
1.7.1 GTV .CTV ITV PTV ;100% |

98% .95% PTV
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V100,V98 V95, Dy Dy« , , 5
Do PTV-3D PTV-4D,
1.7.2 =30 Gy .40 Gy 2 PTV-4D
V30.V40, MDTNL; PTV-3D o 1. 2
V20D pean V40 D, V40 PTV-3D  PTV-4D
(em?®); NTCP Velf, , -
1.8
SPSS 12.0 ,
' ,P<0.05 37
Table 3 Comparison of target volume for the 7 patients
O No. CTV-20%(cm®) ITV-4D(em®) PTV-3D(em®) PTV—-4D (cm?)
2 1 110.75 146.95 371.81 243.88
2 182.75 243.62 500.47 397.84
2.1 3 33.61 57.81 182.46 121.05
CTV .ITV-4D .PTV-3D .PTV-4D 4 140.73 171.69 389.12 292.83
3 . PTV-3D .PTV-4D 5 271.83 345.76 585.78 512.02
(417.6+197.7)em®, (331.9£183.1)cm’, PTV-4D 6 31176 408.59 710.69 608.53
PIV-3D (85,7430 8)en b et amos s s
20.50%(12.60%~34.40%) , (P= CTV, clinical target volume; ITV, internal target volume; PTV,
0.000). 7 PTV-4D PTV-3D planning target volume. 1=7.356, P=0.000.

1 PTV-3D.PTV-4D ( 4)

Figure 1  Comparison of planning target volumes (PTVs) between 3D and 4D plans for patient No. 4

A sagittal view; B: coronal view; C: transverse view; D: digitally reconstructed radiograph.
The yellow area indicates PTV in 3D plans; the magenta area indicates PTV in 4D plan. PTV-4D is smaller than PTV-3D in all 3 dimensions for

this patient.
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2 PTV-3D.PTV-4D ( 2)
Figure 2 Comparison of PTVs between 3D and 4D plans for patient No. 2

A: sagittal view; B: coronal view; C: transverse view; D: digitally reconstructed radiograph.

PTV-4D is larger than PTV-3D in some slices for this patient.

2.2 3D , V30.,V40 38.77%
, 4 , 27.32% 33.59% .22.62%,
PTV V100.V98.V95 (P<0.05); MDTNL  24.13 Gy
, (P>0.05). 21.50 Gy(P=0.003),
4 3D 4D 5 3D 4D

Table 4 Dosimetric comparison between 3D and 4D . . .
Table 5 Dosimetric comparison between 3D and 4D
plans in planning target volumes . .
plans in organs at risk

Item 3D plan 4D plan t value P value

Item Plan-3D Plan-4D P value
V100(% ) 45.47+18.66 41.10+17.45 1.23 0.265

Mean dose to normal liver (Gy) 24.13+ 7.61 21.50+ 8.30 0.003
VI8 (% ) 80.78+ 7.50 77.68+ 8.92 2.33 0.059 .

Liver’s V30 (%) 38.77+19.92 33.59+20.71  0.001
VI5 (%) 96.19+ 1.99 95.52+ 2.55 2.26 0.064 .

Liver’s V40 (%) 27.32+13.63 22.62+13.40  0.000
D, (Gy) 43.21+ 3.37 43.99+ 2.24  -1.05 0.333 )

Left kidney’s V20 (%) 2.90+ 496 1.36+ 2.34 0.271
D,..(Gy) 53.32+ 1.51 52.99+ 1.55 2.37 0.056 o

Left kidney’s D,,., (Gy) 2.22+ 2.20 1.74+ 1.87 0.151
Dyen (Gy) 50.60+ 1.31 50.49+ 1.29 1.74 0.132 ) )

Right kidney’s V20 (%) 17.84+16.54 13.42+11.50 0.113
V100, V98, V95: volume included by 100% , 98% , and 95% Right kidney’s D, (Gy) 824+ 6.84 6.69+ 5.19 0.151
isodose curves. D,;,, minimum dose; D,,, maximum dose; D,.., Stomach’s V40 (%) 423+ 899 335+ 722 0.241
mean dose. Stomach’s D,., (Gy) 12.38+ 9.67 11.90+ 9.41 0.011

Small intestine’s V40 (cm?®) 7.89+ 8.33 5.87+ 6.01 0.085
2.3 V30, V40, V20: volume included by 30, 40, and 20 Gy
231 5 ,4D isodose curves.
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0.05). o RN
233 . 4D . V40 3D i I
, : 12.38 Gy j 1
11.90 Gy, (P=0.011),  3A . l :
50 Gy 0 :
DVH , - e N [, |
24 NTCP\Vfo 0 1 KN ;'Ll'.lLu:-:'h'lL':'l'. 1T0an Il.l..l'lA
NTCP  Veff 6, '
4D NTCP  Veff 3D , m
NTCP  21.57% 15.86% (P=0.002) , Veff a0
25.47% 21.97% (P=0.001) ; . il | § ' E
, NTCP 0; . ,j ==
NTCP (P>0.05) . E ™ - EITT
3D , = o \
i .
, NTCP, 2 |& — 1 -
V30 MDTNL 4D Hite——"g —
o 4 , uu :u- fian _'..u._luu L G0 o
(50.57+1.51)Gy (54.86+2.79)Gy (P= i ki B
0.003), 9.72%(4.00%~16.00%)., 3B s () 4 ()
3A 4D 50 Gy DVH
58 Gy 3D DVH 0 Figure 3  Dose-volume histogram comparison of 3D plan

6 3D 4D

Table 6 NTCP and Veff comparison of normal tissues

Ttem 3D plan 4D plan P value
Liver's NTCP 21.57+20.47 15.86+18.59  0.002
Liver’s Veff 25.47+11.31 21.97+11.74  0.001
Left kidney’s NTCP 0 0
Right kidney’s NTCP 0.29+ 0.49 0 0.172
Stomach’s NTCP 0 0

Small intestine’s NTCP 3.29+ 5.06 1.86+ 2.85 0.140

NTCP, normal tissue complication probability;  Veff, effective

volume.
3
N 671, Seong ¥ 158
o 1 CR, 105 PR,
(CR+PR) (50.10£6.60)Gy,
(SD+PD) (44.30+9.00)Gy;

(solid lines) and 4D plan (dashed lines) for the normal
tissues of patient No. 3

A'; Prescription dose are 50 Gy for both plans.

B: The prescription dose of 4D plan is escalated to 58 Gy.

Prescription dose
of 3D plans

]

Prescription dose of
escalated 4D plans

Dose (Gy)

1 2 3 4 5 6 17
Patient No.

4 4D

Figure 4 Dose escalation for 4D plans

<40 Gy .40~50 Gy.>50 Gy
29.20% .68.60% . 77.10% ; ,
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