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[ Abstract ] Background and purpose: The literature on dose-volume parameters and pneumonitis is extensive.
The results are inconsistent, both for the best predictive metrics and significant comorbid factors. This study aimed to
investigate a prospective functional equivalent uniform dose (fEUD) with perfusion single photon emission computed
tomography (SPECT) images as predictors of radiation pneumonitis (RP) in patients undergoing curative radiotherapy
(RT). Methods: Functional lung imaging was performed using SPECT for perfusion imaging. Perfusion factors were
defined as the mean percentile perfusion levels of the 4 areas, top to 75%, 75% to 50%, 50% to 25%, 25% to 0%, re-
spectively. fEUD was calculated from perfusion factors and standard dose-volume parameters extracted from treatment
planning computed tomography (CT) scans. Total lung (TL), ipsilateral (IL) and contralateral lung (CL) volumes minus
gross tumor volume (GTV), whole-lung Vi, V,,, whole lung fEUD, IL and CL fEUD, and general equivalent uniform
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dose (gEUD) were analyzed to evaluate correlations between RP using Common Terminology Criteria for Adverse
Events (CTCAE) version 4.03. Statistical significance was defined as P<0.05. Results: A total of 15 patients treated

with intensity modulated RT or 3D conformal RT were analyzed, grades=3 RP were observed in 6 patients. There
was only a trend toward significance for unilateral (UL) fEUD of higher dose side (P=0.007). Whole-lung Vs, V,,

were almost identical between patients who developed pneumonitis and patients who did not, as the values were below

the recommended thresholds from published papers. Unilateral fEUDs were linear with unilateral gEUDs (+=0.815,

P=0.000). Conclusion: SPECT-based equivalent uniform dose appears to be a better predictor of RP compared to stan-

dard dose-volume parameters. Planning constraints should aim to keep unilateral fEUD below 21 Gy.
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Fig.1 The fusion images of perfusion SPECT and CT imaging

Red, yellow, green, blue lines were defined as the four areas of the top to 75%, 75% to 50%, 50% to 25% and 25% to 0%, respectively
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Tab.1 The general dose factors of patients’ radiation treatment planning

Patient Right lung Left lung

Both lung

Right lung Left lung Both lung

number ~ Orades=3RP gy fEUD fEUD gEUD gEUD gEUD Vo Vs
1 No 16.69 9.10 25.79 21.00 7.46 14.80 3000 52.00
2 No 4.85 18.45 2330 6.50 25.70 11.50 2230 4450
3 Yes 18.49 5.86 2435 16.90 6.30 12.00 2500 49.00
4 Yes 2233 8.70 31.03 32.00 11.80 22.00 4150 70.60
5 No 6.65 19.72 26.37 6.00 19.60 11.90 2300 50.00
6 No 9.78 19.61 2939 13.00 19.00 15.40 2650  61.50
7 Yes 272 6.93 29.65 26.70 9.50 18.70 3310 55.00
8 No 9.15 15.47 24.62 15.20 17.40 16.20 3360 6130
9 Yes 23.01 13.83 36.84 25.90 6.70 14.80 2580 6130
10 No 18.78 6.40 25.18 21.50 7.80 14.10 2580 56.40
1 No 19.09 17.69 36.78 5.40 12.80 8.40 1540 2820
12 No 11.34 19.08 30.42 16.30 22.50 19.30 3290 60.00
13 No 3.43 14.64 18.07 3.31 20.78 24.09 1840 3338
14 Yes 18.60 3.59 22.19 19.23 3.33 22.56 2000 40.00
15 Yes 25.57 3.44 29.01 26.24 4.44 2038 2610 5030
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Object X£s P value (2-tailed) Item X£s P value (2-tailed)
fEUD of right lung 15.36+£7.21 0.580 fEUD of high-dose side 3.84+1.12 0.007

fEUD of left lung 12.17+6.10 0.843 gEUD of high-dose side 4.46+2.33 0.078

fEUD of both lung 27.53+£5.12 0.977 gEUD of both lung 3.33+2.34 0.179

¢EUD of right lung 17.01+8.86 0.893 V,, of both lung 3.26+3.57 0.378

gEUD of left lung 13.01+£7.24 0.815 fEUD of both lung 2.19+2.74 0.438

gEUD of both lung 16.41+4.61 0.982 V; of both lung 4.67+6.11 0.459
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The area under the curve was 0.72

* 4 SFIEMAHEUDAIROCH £ AL 4R
Tab.4 The coordinates of receiver operating characteristic

curve using UL fEUD of higher dose side

fEUD Sensitivity/%  Specificity/% Youden’s Index
13.640 100 0 0.0
15.055 100 10 0.1
16.080 100 20 0.2
17.570 100 30 0.3
18.470 100 40 0.4
18.545 80 40 0.2
18.690 60 40 0.0
18.930 60 50 0.1
19.085 60 60 0.2
19.350 60 70 0.3
19.665 60 80 0.4
21.025 60 90 0.5
22.525 40 90 0.3
22.865 20 90 0.1
24.290 20 100 0.2
26.570 0 100 0.0
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fEUD-gEUD of left lung -0.8443.71 0.395
fEUD-gEUD of both lung 11.12+£7.94 0.000
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fEUD-V; of both lung -24.03+11.18 0.000
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Tab. 6 Paired samples correlations of fEUD and gEUD (UL),

fEUD and V,, (TL)
Item N Coefficients P value
fEUD and gEUD of single lung 30 0.843 0.000
fEUD and V,, of both lung 15 0.182 0.516

AR K D RE RS B RLAEUD, 2250
R AR AR - 500 2 2 O T 50 i o A IR S R IR R
SR, I IR DI REIR S LA AL
225, RN, BlG T SPECTIHEE S
EUDAS A7 00 05 il 5y T 45 4% e (4 AR - 551



(¥ BBAER L) 20174EE27RH3IM

225

e CER SNl

S SR % il £H 445 e SRAE 2 S BUL
SR A8 p T . Park N [ T L
A SR P IRE P LA R e RIS, 2 BRI
10 GyJF ML e kb, Wukss 174
SBF XTI B 8 PRAE FEGS T O A TR )
Hillman%§ " {9858 2 B, BAUK12 Gy K315
i MR RS 2, K A 2 2 bk L 4 i
YRR AR B, RYERTE A 4 2
. Hillman%§ " gE—B0F50IN Ty, ST
LA PN B 20 i i b i A 4 A7, TR B A il
T H5E 1 JEL 2 5 SRS 4 T 98 e il 2 2 21 - AL 1)
FERE,

SPECT Hifi ¥ v f 538 1 fili PN s S MHEA% 28 00
A 7R 2RO B A NS A L iR, &
R AR TSI RERY 7L fk . Seppenwooldes: '
BB SPECT i AG R i S D g IX 5k
IREIX., Lawrence®s ' [ RE 5 SPEC T I
PG Fae T RSB Y E A B35 551 2 B 4 J5
KFE IR A R S RERAS

AbtsR, MM EUD 5 gEUD2: A7 4t it
2L, HRR 2 7E [E XU 2 (B D RE 1 22 5 9 58
3R O [R] S RE X ek B s b, B )
A ARTED, A Rl 2 23 04 A 4 = i 1o A AT REAS
—3§, BongersZs "®) ByRFSEMAE S0 F il i
DIRERE 22 0 B, i il 28 SO0l 5 590 i 0
TR, SR A0 i %) SF- 2450 B 4R TR HE3.6 Gy
IR, 3l T — ok Tt 2 208 349 740) g 4 o
2K,

E TPl i 568 75 S 453 473 i 38 55 U AR
Ry AR 8, R Sk it 2 R — R T 3 S
ARE,  FN ) AR T Bl (dose-volume
histogram, DVH)TREAEHERG °) o A [ ERf
fi] 2 1B HUE — P i Bsf A 8 RGO BTl Y T
%, HRZHANLS R B A TR
0L RENEG . MR EEA A EIFI T
AR BRI iR 22, 2RO 9 SR R 57 -4
FRVE g B0 7 7 B R L f 45 b L (ELRE T
A 2R 5 R, Al 22 01 5
B, MR ENE —&. SPECT/fi

T MG R AE 32 3 R (A E FR P R oR A1
HA B R it s B 1 Bl 2 iz sh i il , I
o7 il Ty B DX A, s IR Tl A BRI £ A AN o
)i

EUDR R GE 1125 2 2 i LR, 855
RN ANk A d W P LR
HESR RN, Sl T FHARAE s H AR ) AR R
FIGREE , Al AR XS 0] 0 A Ge 245
R,

ARIFFAEV,. VG H F IR - R S5
ZF TGRSO T, B 39 ) il
() FEUDAE 5 i il R AH 56 o AR KAE A1
I IR 6 R AUV, Voo, SEHFIR Y5
TS PR Rl 98 1 & A AR OGRS R H
BIAEVA U BT, BRIl R 9 & A
ZORJLAHIE . LawrenceZs * T2 QUANTEC
Jits 958 ke Sk 7] et BRAE HEAE Voo /N T4 T30%,
Py BN T4 F20 Gy, Bongerss ) U #Y
BV IERAESO% LU R o ARWFFEH, Vo 7] &
I }26.627%+6.74%, EUDRFIE /1 N
(16.409+4.61) Gy, ¥JEAETQUANTECH:#
BME, VIR 51.56%=11.43%, 7F
BongersZs " F B 5 4 4 1 1 I ISR A R
MR A ORI R, R AR SR - A S
B SRR . Bakerss 0 (OBFE RIREIESE T X
R, HBFSEAEAS T IR 430 18] 1) - 22550 )
T6 Gy, Vo/NT20%, {HJSCE M98 1) % A %R
HIRE] T 1%,

ARG, WU TEUDE TG O i 1
e, T e R EMEUD2E S A S22 L, 4
71N JRCS P T 28 1 2 A A Al 4L 2 5t 14
SIS A, — 0 g ) 2 PR R O A 4
FEATERE 5 — M) 1t R TR o

ARFFEREA RN, X T EUDTE PR B
PRl 45 T 1) 1 7 22 5 22 9 DR X 96 2 i
HBHIE

(& % X B]

[1] MEHTA V. Radiation pneumonitis and pulmonary fibrosis in
non—-small cell lung cancer: Pulmonary function prediction,

and prevention [J1 . Int J Radiat Oncol Biol Phys, 2005,



226

B85 I TS R S B AR S0 B AR S S 8 A M5

[2]

[3]

[4]

[5]

[6]

[8]

[9]

[10]

[11]

63(1): 5-24.
MARKS L B, YU X, VUJASKOVIC Z, et al. Radiation—
induced lung injury [ J ] . Semin Radiat Oncol, 2003, 13(3):
333-345.
LAWRENCE B M, BENTZEN S M, DEASY ] O, et al.
Radiation dose—volume effects in the lung [J].Int] Radiat
Oncol Biol Phys, 2010, 76(suppl 3): 70-76.
PALMA D A, SENAN S, TSUJINO K, et al. Predicting
radiation pneumonitis after chemoradiation therapy for lung
cancer: an international individual patient data meta—analysis
[ J ] .1IntJ Radiat Oncol Biol Phys, 2013, 85(2): 444—450.
BARRIGER R B, FORQUER J A, BRABHAM ] G, et al.
A dose—volume analysis of radiation pneumonitis in non—
small cell lung cancer patients treated with stereotactic body
radiation therapy [J] . Int J Radiat Oncol Biol Phys, 2012,
82(1): 457-462.
BONGERS E M, BOTTICELLA A, PALMA D
A, et al. Predictive parameters of symptomatic
radiation pneumonitis following stereotactic or
hypofractionated radiotherapy delivered using volumetric
modulated ares [ J | . Radiother Oncol, 2013, 109(1): 95-99.
PINNIX C C, SMITH G L, MILGROM S, et al. Predictors of
radiation pneumonitis in patients receiving intensity modulated
radiation therapy for Hodgkin and non—Hodgkin lymphoma
[ J ] .Int] Radiat Oncol Biol Phys, 2015, 92(1): 175-182.
WANG S L, LIAO Z, WEI X, et al. Analysis of clinical
and dosimetric factors associated with treatment-related
pneumonitis (TRP) in patients with non—small cell lung cancer
(NSCLC) treated with concurrent chemotherapy and three—
dimensional conformal radiotherapy (3D-CRT) [J].Int]
Radiat Oncol Biol Phys, 2006, 66(5): 1399-1407.
SUE S'Y, LIAO Z, LIU H H, et al. Initial evaluation of
treatment—related pneumonitis in advanced—stage non—small
cell lung cancer patients treated with concurrent chemotherapy
and intensity—modulated radiotherapy [ J ] . Int J Radiat
Oncol Biol Phys, 2007, 68(1): 94-102.
HILLMAN G G, VINITA S G, LINDSAY R Y, et al. Soy
isoflavones radiosensitize lung cancer while mitigating normal
tissue injury [ J ] . Radiother Oncol, 2011, 101(2): 329-336.
HILLMAN G G, VINITA S G, HOOGSTRA D ], et al.

Differential effect of soy isoflavones in enhancing high

[12]

[16]

[17]

intensity radiotherapy and protecting lung tissue in a pre—
clinical model of lung carcinoma [ J | . Radiother Oncol,
2013, 109 (1): 117-125.
YIN L S, SHCHERBININ S, CELLER A, et al. Incorporating
quantitative single photon emission computed tomography into
radiation therapy treatment planning for lung cancer: impact
of attenuation and scatter correction on the single photon
emission computed tomography—weighted mean dose and
functional lung segmentation [J] . Int J Radiat Oncol Biol
Phys, 2010, 78(2): 587-594.
NIEMIERKO A. A generalized concept of equivalent uniform
dose(EUD) [ J ] . Med Phys, 1999, 26(6): 1100.
EMAMI B, LYMAN J, BROWN A, et al. Tolerance of normal
tissue to therapeutic irradiation [ J | . Int J Radiat Oncol Biol
Phys, 1991, 21(1): 109-122.
VAN D J, MAH K, KEANE T. Radiation—induced lung
damage: Dosetime—fractionation considerations [171.
Radiother Oncol, 1989, 14(1): 55-69.
FOWLER J F. Radiation-induced lung damage: dosetime—
fractionation considerations [ J ] . Radiother Oncol, 1990,
18(2): 184-187.
SCHEENSTRA A E, ROSSI M M, BELDERBOS ] S, et al.
Alpha/beta ratio for normal lung tissue as estimated from
lung cancer patients treated with stereotactic body and
conventionally fractionated radiation therapy [J ] . Int J
Radiat Oncol Biol Phys, 2014, 88(1): 224-228.
PARK H J, GRIFFIN R J, HUI S, et al. Radiation—induced
vascular damage in tumors: implications of vascular damage in
ablative hypofractionated radiotherapy (SBRT and SRS) [ J ] .
Radiat Res, 2012, 177(3): 311-327.
SEPPENWOOLDE Y, MULLER S H, THEUWS ] C, et al.
Radiation dose—effect relations and local recovery in perfusion
for patients with non—small cell lung cancer [ 1] .1Int] Radiat
Oncol Biol Phys, 2000, 47(3): 681-690.
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.

(Wi H: 2016-07-25  &BIHH: 2016-11-15)



	17-03_p59
	17-03_p60
	17-03_p61
	17-03_p62
	17-03_p63
	17-03_p64
	17-03_p65
	17-03_p66

