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Study of Internal Tumor Volume for Radiation Treatment of Non-small

Cell Lung Cancer on 3D-CT and 4D-CT

YAN Peng-wei,ZHU Huan-feng,LIU Ya-tian,FAN Yan-xin,ZHU Xiang-zhi,TAO Hua,HE Xia
(Jiangsu Cancer Hospital , Jiangsu Institute of Cancer Prevention and Control,Nanjing Cancer Hospital Affili-
ated to Nanjing Medical University ,Nanjing 210009, China)

Abstract: [ Objective | To analyze the difference between internal tumor volumes(ITVs) based on three-dimen-
sional computed tomography (3D-CT) and four-dimensional (4D-CT) images in radiotherapy for non-small cell
lung cancer (NSCLC). [Methods] Eligible patients diagnosed as NSCLC received both 3D-CT and 4D-CT
scans before radiotherapy. There were four different ITV delineation methods as: (1) Fusing all of 10 tumor
target volumes (GTVs) form 10 respiratory phases created by 4D-CT and forming ITVgj..; (2) Defining 0%
and 50% phases from 4D-CT image as two extreme phases,and combining GTVs from these two phases as
ITV 3 (3) Contouring GTV on maximum intensity projection (MIP) created after 4D-CT directly and forming
ITVyp; (4) Calculating 95% of GTV centroid displacement values in each direction measured by 4D-CT and
then enlarging GTV from 3D-CT to form ITVe. An isotropic margin of Smm from each ITVs were generated
to from plan target volumes (PTVs),respectively. The volume and matching index (MI) was analyzed to study
the difference between ITVs and PTVs,and MI was defined as the ratio of ITV gy and PTV g [Results]
In the superior-inferior (S-1) , anterior-posterior (A-P) and left-right (I-R) directions,the motion of GTV cen-
troid was(3.2+4.1)mm, (2.1+3.0)mm and(0.7+0.7)mm, respectively. A-P and S-I directions showed greater dis-
placement of GTV centroid compared with L-R direction (P<0.01). According to the displacement values on
each direction, ITV;pe; were created by adding certain margins 1,3 and 5 mm in L-R,A-P and S-I directions
to GTV based on 3D-CT,respectively. The median volumes of ITV g and PTV .. were 12.98cm® and
31.22cm?;the median volumes of ITV,p.. and PTV,p,... were 11.55¢cm? and 28.64cm?;the median volumes of
ITVyp and PTV were 12.95¢m® and 31.18cm?;the median volumes of 1TV and PTVyy were 16.54cm?
and 37.51cm’. In comparisons with ITV gy and PTV g, the MI values of 1TV, ITVyp ITVner, PTV pee
PTVyp and PTVy were 0.83,0.95,0.78,0.88,0.94 and 0.74,respectively. [ Conclusion] A method of con-
touring ITV on MIP image based on 4D-CT might have a potential to be optimal ITV gp.. for NSCLC. Howev-
er,neither ITV, ... nor ITViy showed appropriateness in replacing 1TV gy directly,according to greater
difference between volume and form in comparison with ITV g,
Subject words: three-dimensional computed tomography ; four-dimensional computed tomography ;internal tar-
get volume ; volume comparison;lung cancer
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B BRAIA YT BORSHENE WS AN 2 1 se Rk A%
G20 0 TR 2 5 S K 2 7E 3D-CT R AL 21
PR 1 2 T A XA AR 00 R R s SRR Y, RS
il 4 T 41 A g 32 20 ¥ B XA A K s /N2
4D-CT AJ LUK 8 35— Be i 8] (%) i W 3k 7 i 47 52 il
SR, IR 10 AN R WG IS AF 3 20 44 S0 i 983 %) 457 B A
AR H I, 4300 R 4 10 AH MG, 2) 10 A4 #0 IX 5
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M, XN R T /A 880 TAE &, B iy F P iR
E SRR S AEZES, WX EEA AT E
P AR SCHIE B 4D-CT R AE 2119 10 A6 B 2) Y
WHLIXAE 2% | LA T 3D-CT F1 4D-CT J7 k72
T P A X S ) 5 oA A R e R ) o

1 #RETZE

1.1 BEHEN

W EHL 2017 4F 9 H 2 2019 4F 6 LI i
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PLHSRIF I 64T 4D-CT 4415, RAEIFE A EIR 3k
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tensity projection, MIP) [&[14 .
1.3 HEXAE

¥ 7% ¥e. X (gross target volume,GTV ) # & 3L . 4k
TEA WP AR Z R CT RIS “fili % BT 2 18 H A4 35 A
EDULRY TR /NS W] 45 L Je B %) Jifo g 4 56 ., Py L IXC
(internal target volume,ITV) %€ L . Ir A 5 DU
4 Fp AN [R] Jy 2 a) A @ITV104ﬁ: P 4D-CT 19 10
AR B GTV 42 5 fil -5 21 4 i AR &R A 0
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@ITV,y: i 4D-CT Y 10 HIEG Y 2 A% R IT
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24 5 B e $E Kruskal-Wallis BEAIAS 56, B2 A4
Ty 1), iR 6r A% T AR B IE — T Sk — sk A T 1)
(Figure 1), /S5 5 % -7 0] 09 ELHEEXT L3RR
W& B0 22 R AR B B gt & L (P=0.057) , {0 &
TE =77 1) b 07 B8 0B T 55 (Table 1),
22 1TV BE

GTV 7£ 4D-CT 19 10 A>0F 0 AH Y Sk -0 G -7 .
- =ATrm L, AN RS 95% 35 K AE 43 )
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e ZAF 5] 1TV pero
23 FAEAERBEMR
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(Table 2), A EX A ITV, Al PTV, 0 i 25 F1F- 1
HHA%, M (18.62+19.87)cm® Fl (39.03+31.72)cm’;
ITVper F1 PTV sper (- 28153 31 R (23.47422.4 1)em?
F1(47.16+35.21)cm?, 75 i A L X FR U 5 55 o 1TV o
FITV i PTV 0 1 PTV yp BUE 22 F 850/ IES K
25 R W OR 4 By A ARSI 1TV R 2= R A
GuitA 2 L (P 3<0.001) , 1 N3G FRAS I PTV 04
PTV i PTVyp Fl PTVper 28 1E 25K 56 34 A8 i A 1E 25
A3 A VUL ITV A PTV 22 5% H A #4938 % Kruskal—

Wallis £ A4S 56 , P {H M 0.634, Ui 1TV 2 (] 5§
PTV Z B IX R KN G it 2 7
24 FAREAEDBERHEEXTEE

W5 TTV o VE 2 BRED X, 76 VT BE B (M) J7 1
ITV, i ITViper BIIEAK F ITVyp; 1 PTV, 4 A1 PTViper
A9 MI R AR AL T PTVype(Table 3), 454 Table 2,

o AR

Table 1 Displacement of GTV centroid in three dimensions

(mm)
Dimension ~ Median  Range  Mean+SD  95%CI P
L-R 0.5 0~7 0.7£0.7  0.5~0.9 -
A-P 1.9 0~14 2.1£3.0 1.2~29 <0.001
S-1 24 0~14 32+4.1  2.1~44 <0.001

GTV :gross target volume;SD :standard deviation ; Cl: conformity index;L-R:
left-right ; A-P ; anterior-posterior ; S-1 : superior-inferior

Table 2 Volumes of ITVs and GTVs (cm’)

Volume Median Range Mean+SD 95%Cl1
1TV
ITV pphases~~ 12.98 1.65~73.05 19.71+20.25 10.23~29.18
ITV sptes 11.55 1.60~71.70 18.62+19.87  9.32~27.91
1TV 12.95 1.65~72.40 19.25+19.69 10.03~28.47
ITVper 16.54 2.29~83.33 23.47+22.41 12.99~33.96
PTV
PTV opae.  31.22  7.28~123.53 40.88+32.42 25.71~56.06
PTVye — 28.64  7.24~121.61 39.03+31.72 24.11~53.95
PTVyp 31.18  7.30~122.60 40.12+£31.72 25.28~54.97
PTViper 37.51 9.51~138.02 47.16+£35.21 30.68~63.64

ITV :internal target volume; PTV :plan target volume ;SD :standard deviation

terior-posterior (A-P)direction ; Total : total motion of GTV

Type: Center of Mass Structure 1D:  GTV1
05 —C— X-Distance [cm] —O— Y-Distance [cm] ! ! ! ! !
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X :motion of gross target volume(GTV) on left-right (L-R) direction; Y :motion of GTV on superior-inferior (S-1)direction ;Z :motion of GTV on an-

Figure 1 The motion of GTV centroid in the left-right (L-R) ,superior-inferior (S-I)and anterior-posterior
(A-P) directions in 10 phases collected by 4D-CT from a lung cancer patient
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Green : PTV gpe ; Orange : PTV pee; Blue : PTVyp; Red : PTVyper

DL

Figure 2 Plan target volume (PTV) contoured in four methods from a lung cancer patient

ITVper PTVaper 25 L 5 K T 1TV g F

Table 3 Matching index of ITVs and PTVs

PTV o4 , 3275 SN B, B 22 £ fili %

Compared with Mean=SD

Range  Compared with Mean+SD  Range
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[, IR AT 05 TV B TV

PTV o FLHE  TTV, 0 A1 PTV, 0 25 FUIR /)N | 42 ITVM]P
3DCT
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0.83+0.08 0.67~0.96  PTV,p,..
0.95+0.02 0.81~0.97 PTVyp
0.78+0.12 0.61~0.87 PTViy

0.88+0.05 0.81~0.93
0.94+0.02 0.89~0.97
0.74+0.13 0.58~0.90
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S0 R B 55 R A8 B AE A — 2 1 B
T KU (Figure 2)
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ITV :internal target volume ; PTV :plan target volume;SD :standard deviation

EEREAYS S B Sl RN B 8 ety S ]
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