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Effects of proportion of lung target area on lung dose-volume parameters in treatment planning

of non-small cell lung cancer
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Abstract: Objective To explore the effects of size of target areas on obtaining better radiotherapy regimen through reducing
target dose homogeneity, thereby providing references for limiting the lung dose-volume parameters in the volumetric
modulated arc therapy (VMAT) planning of non-small cell lung cancer (NSCLC). Methods A total of 32 NSCLC patients
treated with VMAT were randomly selected. The prescription doses for PTV1 and PTV2 were 50.83 and 44.20 Gy,
respectively. The original plan was taken as group A; and group B was obtained by easing the requirements for PTV
homogeneity through canceling the high-dose penalty of target areas in the original plan. After dose normalization, several
parameters were analyzed quantitatively, including the volume percentage of normal lung tissues receiving radiation dose
above 5 and 20 Gy (Vs, V,,), as well as the ratio of the lung volume to the PTV (LTR), the ratio of the lung volume to the
overlap volume between PTV and lung (LOTR), homogeneity index (HI) and conformity index (CI). Moreover, the
variations of lung V; and V,, with tumor volume were analyzed using scatter plots. Results The lung V; and V,, in group B
were lower by 1.02% and 1.34% than those in group A (£=0.020, 0.001). When LTR1 and LTR2 (the ratio of lung volume to
PTV1 or PTV2) were higher than 11 and 6, respectively, the lung V; and V,, in group B showed an obvious downward trend
as compared with the original plan. When LTOR1 and LTOR2 (the ratio of the lung volume to the overlap volume between
PTV1 or PTV2 and lung) were greater than 30 and 19, respectively, plan B had a better lung dose reduction. Conclusion LTR
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and LTOR are two important indicators for assessing whether the strategy of lowering the V; and V,, of the lungs by reducing

target homogeneity works or not. When LTR and LTOR exceed certain critical values, lung V; and V,, can be effectively

reduced, which provides a reference for the clinical practice.
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HHEF LRI 6 MV-X 2k VMAT 360°453AT T, 318 M
M RN A4 % 9 3 mm A1 1504, PTVI PTV2
Ak 7 7 443 90k 50.83 Gy (2.99 Gy/ik , 3 17 ¥ Al
44.2 Gy (2.6 Gy/Ik, H:1710) . Wkt A4,
HEIX R BRI 251K 56 Gy s B8 A HHHRIFE X 42 JR)
BRI A5 R R 60 Gy , BRI X i 351 1 4, oAt 4%
AR  BATALIRIS B24H . VMAT HHRIRA S B0k
BEANER R, BRSO BR &l PTV2 4036 3 mm 4
4420 cGy HME9 mm 4 3000 cGy FFIHR 347 LL K AR
21 mm N A SN E T 4420 ¢Gy., H4fE ICRU 83 54l
M SRR RGBSR 95% L) PTV ik BIA 7, f&
FAs BB AT A B2 I KA i (D, ) <45 Gy,
B Vo <50% , L IE V,,:<30% , V4, <40% , BT V,,<30%.
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Table 1 Objective settings for the initial optimization

45t T H R 45 SFEHh/eGy BRI
PTVI Underdose DVH 2 5083 95
Quadratic Overdose A 5300 50
/ /
Target EUD ol 5083
PTV2 Underdose DVH Eoil 4420 95
Quadratic Overdose A 4700 150
B / /
Target EUD 4 4420
Jii Parallel o 2000 25
Parallel Bl 500 70
o Maximum Dose ol 5100
Parallel o 4000 30
1t Maximum Dose Bt 3400
serial Eoil 3000
Lo serial Bl 3200
Bk Quadratic Overdose 47 4420 30
Quadratic Overdose 47 3000 150
Maximum Dose A 5600
6000
Maximum Dose ol 4420
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Table 2 Comparison of dosimetric parameters of target areas between two groups

PTV1 PTV2

20531
I HI D, .../cGy cI HI D, /<Gy
A4l 045£0.10 0.18£0.07  5502.13+215.85  0.57£0.05 0.34£0.07  5280.91+252.65

B4l 0.43£0.10  0.25+0.07

HH 3.093 -6.158 -4.704

P{H 0.004 <0.001 <0.001

5669.22+212.84

0.58+0.06  0.42+0.10  5455.83+228.75

-0.505 -6.559 -4.987

0.617 <0.001 <0.001
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Pl 2 Sk 1 43S I KRS B 4% B A9 DVH X B
], S AL TR 2 BB AR G- b il /2 RTOG f& M 2% B B
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BIREAR 1.02%.1.34%, 22 5 A 4127 2 L (P<0.05) 5 1
HASE 48 B A7 2 S RO AL LR A G2
B X (P>0.05), .33,
2.3 EERXEFRAEIR N

W FR 3 AR AR FRS EE PTVLL PTV2 B Jifi A
PTVI Ml PTV2 § {4 F1 Z It LTR1,LTR2, LTOR1 K
LTOR2 1y X %l s %iF 7 (9 B 23R B 7 4 v, V. 5
AR LA, &R Y Bl i Origin9. 1 #RARASH
HOS AN 3 FE s, Bl V, Vo, B A XHERE % LTR 1
LTOR {H (34 i 2 90— 35 R B i 35 18] 3a & 3b

>4 i ¢4 B 5 #0 IX PTVL . PTV2 B9 4R B L {5 LTR1 Al
LTR2 43 51 i T-H0E 11,6 0F , B 4 V., A X A 2H i %
LTR 2B 52— S50k T B 5 0 2 B AR AL LA 11 F 6
BF Bl Vs Jil Vs Vo AEXT L f Bl LTR 42 6 52 A AL AR
A 5 Bt (A B 5 fifi P AL X LGB LTOR, WL 3¢ & 3d.
24 LTOR1 /N T30, LTOR2 /T 19 B, BRAIK 2 25 1 il
VSV BRSO A B i A T3 1A (st D g i 221
B B TSR B (Vg Voo ae <] B Vig/ Vo<1
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Figure 1 Isodose distributions of groups A (a,b,c) and B (d,e,f)
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Figure 2 Dose—volume histogram of PTV1, PTV2, lungs, heart, ﬂj/:'l @*E ﬁ ’ ﬁh@g ng\jﬁ )& f@‘ I;%{EE NSCLC '%\ % E/J Hﬂi
esophagus, spinal cord in groups A and B %B i ETJ‘ ;ﬂj iy , X 5 Miao %L " fiff % élj:l: B ﬁ[ o {E s
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Table 3 Comparison of dosimetric parameters of organs—at—risk between groups A and B
45 BED, /oGy  HHiD,,/cGy  DHEV/% DMIE V0% Jili V /% Jili V,/ %
A 4912.43+£521.74  3468.93+£329.59 14.68+9.53 8.20+6.99 72.73+9.05 29.35+5.22
B4 4855.65+501.26 3465.60+321.39 14.77£9.74 8.16+6.94 71.71£9.48 28.01+5.53
i 1.490 0.131 -0.297 0.155 2.461 3.745
PH 0.146 0.897 0.768 0.878 0.020 0.001
Miao 55 A FE AL AR S T B — 88 DRI B — 1] 45t (1 R A 57 38 2 X 32 51 NSCLC £ 34 1Y 1 4 AS [

W, 20 T ARG YT i B AR IR R R X, R B EE, A B IR ST T R AR BEAR 4 b 1 AR I
BT AE SR IR AR B NAS— B 15 DL PR T 5 B 0 DX 5 20K . B 4RI X PTVI,
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Figure 3 Relationships between the intergroup differences in lung V,, and V; and the proportions of intrapulmonary target areas

PTV2 A1 HI 5 A 2 R NI E A G54
X (P<0.05) . FRHUAARHE X 2 50 1k 0 TF-B , i 52 B AG
T RIS R BV, VR SR T T R XA
sl (R AT SR A A0 4y B BB A T X 3
AP IRt AT I ks B AR . A
MR 76 PTV AL & T il P9 X, A 3 T 1
Jits 8 e g 22 P T 2 A0 28] g 8 A B 1 DX, T X — X
S5 %) 390 £ 3 A U, 2 R Bl R R ) AE 4R, B —FE b
PEM AN BE A R B x — B4, I I 75 22 JR) B % 08
LTOR FILTR P~ 845

4 LTOR 5 LTRAEHE KT, 156 B Jitb 83 AH X6T fii 35
PRFE /AN, T 5 Tl A FR A, 08 DX 389 50 P R AV X il 741
T R A TR LS T RS XS X5 L T Sk G £
TSN o 1024 LTOR B LTR B %2 /INSF i B fie g AH %ot
it SR R R A R, T T AR L /1N O X ) ) R A
it 70) 2 A 1) DR AT T g XS B 7 o T R
B TR, . Zhang %' Fl Vinogradskiy 25 2 W 5% &
TR I8 T A A7 1 TT E  R  JiS  24 R T
FgeE 7 b R R R e s SN A . AR A
FEIEE AT LA H g (A RN A8 8 30 o R REUAR A X
s AR A /NI 3 2 AT DX A 2 S0 M 8, RE RS 4K
R S B AR ER R B R Vs Voo TR IR FR 51 58
B B A R UM X i AR B B, A7 6 AR R 2R
R ARHE X SV R B T &, 2
B~ A B ATL A 6 AT 5 1970 3005 2 AR PR Ak 7 74 4 1Y)

B — M PR S B N I SRS [R] 4 Ty R i
AR5, SR FHASBIF 9 T 3 184 s 491 55, TR 43 B 4 5%
P B8 AV i S S DX 2 5 e i 50 ik /1 i 5 79 1 5
W B %) LTR 5 LTOR 45 41l 5B, A1l R NSCLC &
H T B A R B EH i S

4 % i

25 F IR A SCEE A AR X X8 A M s it
I A SR, 3 1o 52 B NSCLC H 3 B B 41 VMAT %
5 X5F EL T L DX /)N 2 1 BB 8 5 M) 2% SR s 179 35
Pk, B P42 % 3555 LTR FILTOR, 81 24 LTR
FITLTOR 55 T 45 5 I (B AT SR R 46 A1 0 X 48 20 1
R S ok 2 R 3 T VL Vo 7R, DA T D s e
RINKAR,

(5% k)

[1] FREDDIE B, JACQUES F. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries [J]. CA-Cancer J Clin, 2018, 68(6):
394-424.

[2] @, 9¥0ak, 57, % BT EHRG T HHwHE D mie
W8 7 ALEE[ T ], AR 98 BB 2, 2018, 250(16): 52-55.
GAO L, YANG Z Q, LI N, et al. Treatment of local advanced non-
small cell lung cancer by radio therapy combined with gefitinib[J].
Journal of Modern Oncology, 2018, 250(16): 52-55.

(3] Zhsk, Ak, BB I AR IR A 3 BR B LB A A 55 AT SR Y
* AT ARIFIE B 5, 2018, 26(18): 2863-2866.
SU L, SU J L, CAT W W. The relationship between thymidylate
synthase expression and radiosensitivity of lung adenocarcinoma
[J]. Journal of Modern Oncology, 2018, 26(18): 2863-2866.



- 288 -

e
AR

] 22

5539 %:

[4] ASHWIN S, LI R, JAE K, et al. Stereotactic body radiation therapy
(SBRT) for early-stage lung cancer in the elderly[J]. Semin Oncol,
2018, 45(4): 210-219.

[5] SENAN S, VERSTEGEN N, PALMA D A, et al. Patterns of disease
recurrence following either stereotactic ablative radiation therapy
(SABR) or lobectomy by video-assisted thoracoscopic surgery (VATS)
in stage I-II non-small cell lung cancer: outcomes of a propensity
score-matched analysis[ J]. Int J Radiat Oncol, 2012, 84(3): S47-S48.

[6] BELDERBOS J, WALRAVEN I, VAN D, et al. Radiotherapy dose and
fractionation for stage IIl NSCLC[J]. Lancet Oncol, 2015, 16: e156-
el57.

(7] EhM, S3m, FmE. D @miEas 7Rt &[T]. F
SE Bk S B 8 22 &, 2017, 24(10): 720-724.

WANG C M, GAO Y L, YIN L X. Current status and progress of
radiotherapy for non-small cell lung cancer[J]. Chinese Journal of
Cancer Prevention and Treatment, 2017, 24(10): 720-724.

(8] sRGzE, F &%, 4y, & . MR BRI E 207 313033+ 2 A Block
WY ARF B R A (1] 7 B E S &, 2019, 36(2): 152-
156.

ZHANG JJ, L1 Z Q, WEN T, et al. Applying Block to reduce low-dose
volume of lungs in helical tomo therapy of lung cancer[J]. Chinese
Journal of Medical Physics, 2019, 36(2): 152-156.

(9] i, i, Wk B4, 5. 3 ) an AR /% IMRT 4007 F1 2 &k
ARG AR B E AT I] P BRI, 2016, 43(3): 116-
119.

YAN B, PANG Q S, CHEN Y L, et al. Factors related to severe acute
radiation-induced lung injury caused by IMRT for non-small cell lung
cancer[ J]. Chinese Journal of Clinical Oncology, 2016, 43(3): 116-119.

[10] GIULIANI M E, LINDSAY P E, KWAN J Y, et al. Correlation of
dosimetric and clinical factors with the development of esophagitis
and radiation pneumonitis in patients with limited-stage small-cell
lung carciNOMA [ J]. Clin Lung Cancer, 2015, 16(3): 216-220.

[11] MIAO J, YAN H, TIAN 'Y, et al. Reducing dose to the lungs through
loosing target dose homogeneity requirement for radiotherapy of non-
small cell lung cancer[J]. J Appl Clin Med Phys, 2017, 18(6): 169-176.

[12] CHEN G P, AHUNBAY E, SCHULTZ C, et al. Development of an
inverse optimization package to plan nonuniform dose distributions
based on spatially inhomogeneous radiosensitivity extracted from
biological images[ J|. Med Phys, 2007, 34(4): 1198-1205.

[13] BAKER R, HAN G, SARANGKASIRI S, et al. Clinical and dosimetric
predictors of radiation pneumonitis in a large series of patients treated
with stereotactic body radiation therapy to the lung[J]. Int J Radiat
Oncol Biol Phys, 2013, 85(1): 190-195.

[14] MARKS L B, BENTZEN S M, DEASY D J, et al. Radiation dose-
volume effects in the lung[J]. Int J Radiat Oncol Biol Phys, 2010, 76
(Suppl 3): S70-S76.

[15] LEI W, JIA J, CAO R, et al. Impacts of lung and tumor volumes on
lung dosimetry for non-small cell lung cancer[J]. J Appl Clin Med
Phys, 2017, 18(5): 22-28.

[16] ZHANG F L, ZHENG M M, ZHANG J B, et al. An anthropomorphic
phantom study of effect of lung tumor size and location on dosimetric
parameters[ J|. The Chinese-German Journal of Clinical Oncology,
2010, 9(3): 133-136.

[17] BRIERE T M, KRAF S, LIAO Z, et al. Lung size and the risk of
radiation pneumonitis[J]. Int J Radiat Oncol Biol Phys, 2016, 94(2):
377-384.

[18] ALEXANDER B M, OTHUS M, CAGLAR H B, et al. Tumor volume
is a prognostic factor in non-small-cell lung cancer treated with chemo
radio therapy[J]. Int J Radiat Oncol Biol Phys, 2011, 79(5): 1381-
1387.

[19] International Commission on Radiation Units and Measurements.
Prescribing, recording, and reporting photon-beam intensitymodulated
radiation therapy (IMRT), ICRU Report 83[J]. J ICRU, 2010, 10: 1-
106.

[20] VINOGRADSKIY Y, TUCKER S L, LIAO Z X, et al. Investigation
of the relationship between gross tumor volume location and
pneumonitis rates using a large clinical database of non-small-cell lung
cancer patients[ J]. Int J Radiat Oncol Biol Phys, 2012, 82(5): 1650-
1658.



