http://www.cjomp.com doi:10.3969/5.issn.1005-202X.2015.04.031 —595 -

ST E B EBT2 R8RS 5 KIS 1 THFIB RS

R

=

T HHE, X505

I ZEDCRIUE B BT b 1L I 430070

[# E)BH AR5 A L YA EBT2 £ 5tia 7 97 Sml S b k4285 % R BRI 0 A B 5482 1,
M B G VT R SRR R L3 % 4 RG 9T B0 BN Z . ik 3 5RIR A 451 46F 200 ¢Gy. 400 cGy.800 cGy #9438,
2 AERRADE 10 h~96 h N#EAT % Rl &, IR ZACEE 18] A R 71 2 69 %5 ve ; 43 3 3R A 451 46F 100 ¢Gy . 150 cGy.200 cGy
5508 R E R AR5k kA 4d, F 5 B | R RANLE ST E R AR AR A B0 EBT2 IR KA oA 24,
—204 0 £ 34T 100 cGy. 150 cGy.200 cGy #97 Z A4, Bt T A 4d; B —285 5] — RHELT 200 cGy.300 cGy.400 cGy.
450 cGy 600 cGy.800 cGy, bz z AR 7 R F BA 7 X TFailic h 72, SR 2BR4AdE0HRA N/ THRE 2405

HZ %% 2%~3%; BRI A5 IR FBAIL TR RBEZ R 7 ZRAK1.5%~2.5%, F) B Z Iaafs e hT etz
}% | 2IF A= A R Fm, G485 A 23K A EBT2 TR T % R BAE RARA Z69ml 2.
[T EBT2 I ;4 9 JBS5T; ORIB K S RBK; A SRE M
[EH2S] R811.1 [ SZERARIRAD] A [Z%5S] 1005-202X(2015)04-0595-04

Dosimetric study on autoradiography films EBT2 under single-exposure and multi-exposure
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Abstract: Objective To evaluate the possibility of EBT2 films used for measuring accumulated dose of multiple fractionated
radiotherapy by investigating the dosimetric stability of autoradiography films EBT2 undergoing single-exposure and multi-
exposure during the general radiotherapy. Methods Three EBT2 films were irradiated by 200 cGy, 400 cGy, 800 cGy
separately, and then multiple measurements were underwent in 10-96 hours after the exposure to observe the effect of darken
time on the dosage of films. Another three EBT2 films were irradiated by 100 cGy, 150 cGy, 200 cGy separately, and the films
were scanned 5 times a day and scanned for 4 days to analyze the effect of repeated scans on the dosage of films by comparing
with the first scanning result. EBT2 films were divided into two groups. One group was irradiated by 100 cGy, 150 cGy, 200
cGy respectively per day for continuous 4 days, while the other group was irradiated by 200 cGy, 300 cGy, 400 cGy, 450 cGy,
600 cGy, 800 cGy in one time. And then the dosage of films which were delivered the same dose under different ways of
exposure were compared. Results The dosage of films which were irradiated for continuous 4 days was 2%-3% higher than
that of films irradiated for 24 hours, and 1.5%-2.5% lower than that of films which were delivered the same dose under single-
exposure. Meanwhile, the light of the scanner had no obvious influence on the dosage of films. Conclusion Autoradiography
films EBT2 can be used for measuring accumulated dose of multi-exposure.

Key words: EBT?2 film; general radiotherapy; single-exposure; multi-exposure; dosimetric stability

SO, T N T IR T B AR 5 R A
H0, AR AT ST EBT2 8 A 16 42 5Ol 748 MR 5t
H R ) B N 22 R U R AR E M, LA
BT IR YT (Total Body Irradiation, TBI) J7 %8 H

I

9T A W 5 I i EBT2 (International Specialty

Products Corporation, Wayne, NJ) i1 J* H: %5 [i] 433 K
IR SIS PN N EAE Y N R UV A S TS 2

SRR 12 Gy, r IS 1.5 Gy, 2L 8 1K™, iAT 7

(% B #3]2015-02-10 f a3 4 d, 2 Y/d, 022 HEAE B K IRIGTT R,

[1EE®N)E T(1982-), & Wi-HFge A, WrBifi, Tel:18507178515;F-

EBT2 I #3878 3 cmx3 em K/, 2 AT Bolus

mail: cindy0371@163.com,

hEEFWEBFERE 2015878 $32%5 £48



-596 -

BT, AR R R EBT2 TEER IO S 2L AT BRI

AR P CE T B AR SRR, T EBT2
JBE R 2 AT SEAN RS, (A L A T H /Y
FIEI R FTRE. H B2 A & WF5Eid EBT2 I
Fr B 50 R AR R DL R R R AT, T
EBT2 JI i 5 2 M IR IGE R KR 2] Ui EBT2
B2 RE A A2 AR, U0 Rl UM R A i R AR
BNy i A R R AU S A A R AR n]
AAE 02 5838 B8 K 500 R~ B i A7 TR o AR
TREFERRIT I TR AP T 5
BEGS Z BT EBT2 I 15 i ARk

I M5 E

B/ SR 2% AWESE H EBT2 IR 4L A [F]
— LR B — K5k EBT2 I A VI A 3 emx3 ecm K/ I
WK K e /K- Jas g [v)— 7 1) S 1 30 emix
30 em A KRR 5 cm BRBEAL , IEF e F#E 25 100
em, FREHEFEEE N (10x10) em®s BRI A 2408 FH 2%
WA 10 000 XL - e 41 4 1L (Epson America Inc.
Long Beach, CA, USA) , ¥4 25 - K i 2R H EBT2
R R AR . K BRI RO TR B &
F IR 24 h IR R B RS, R S IR
SRR R 08 7 1) A U 48 R I R e e, 5454 5K
g 48 i RGB ¥ 2 TIF [, £14 2> ¥ % K 300 dpi.
BE AT FilmQA 7 A 4K F
1.1 2ALrtiE st F FIERS 0

M EBT2 & A 8 5 BRUS i TRk R I v
) SR T U AR R A B, Lt ol e ) 1 v B
1248 AR L H 3 Rh B AL AT BN 23 57 RIS B AR ADIR
ARSI T . EBT2 B8 A 42 (57 il ad e
2 0 ROk B, RIS O R R S AL R
JE o PRI RS O I 3 T L — B s ) (R
FHEAEAELL 24 h) o QS50 R T 2 R T
W55 BF 95 7F 24 h~96 h 19 JiE - AR A FH 6 57 2 1) 52
Wi PR A 2 ) s 3 5k i 43 501 45 F 200 Gy
400 cGy.800 cGy 4 I, IF- 73 I #E IS 10 h~96 h
W HEAT 22 00 i
1.2 EEAEMKHFEHFI

U EBT2 A B kid i
2R IS 9 BRI &, EBT2 I F AL A0 78 45 1k 4 I
JE e PR . BT RS X EBT2 IR A
M AT 3 5K R 43 45T 100 ¢Gy 150 Gy
200 cGy R IR, B R EE 4 S AL 4 4, I04%
SR AE TS 1 RS A LR, A R

OO R A (R 52
1.3 BRIERS S ERNFIELEK

S EBT2 i /2 45 °T AFE Ik 4 d BB [a]
Wi 2 2R E G AT EBT2 iS4 i : —
LM AR BB AL (SF) s 75— 4o REURIBAL(CF) . 3
ik 2 AR BRI A CF100, CF150, CF200 45 K43 44
F 100 cGy . 150 cGy 200 cGy 1Y lE 5 —k 3t 4 d, 7] &
W22 HETE T IR AT . FRUCR FR A 3k 6 TR
SF200 ., SF300, SF400 . SF450 . SF600 . SF800, 43 1] —
UHE 25T 200 ¢Gy . 300 cGy.400 cGy. 450 cGy. 600
cGy.800 cGy HYIRET

2 2 B

2.1 EBEREXE A FIE8 N

eI R A T 3 5 EBT2 il , 439l
BT 200 ¢Gy .400 cGy F1800 cGy. 7RGt )5 1Y
96 h 43 AL B A3 ik 3 ol fiss o oA [ — 5k
J6E A AEBE GG 24 h #1196 h AR EdE . 7R FSE
< B EBT2 ¢ i G A AEAE SR AL L AR (B ZE LI )5
B a] Bk R A R O RIS . AT 24 h
IR | (7] — 5K I 5 7E 96 h 5 A S 50 {E 1S
T 2%~3%(KE 1),

Y

800 | b

.,,-lr""-_ —a—200cGy
700 - —e— 400cGy

= —&— B00cGY

o

S s00 |

ax

7.

X

o 500 b

O

g

g 400 L ——* - - *~—s

(1]

o

£ 300

o

S .

100 1 L L L J

0 20 40 60 80 100

Measurement time after irradiation (Hours)

B 1 BerER A 28 sm
Fig.1 Effects of darken time on the dosage of films

22 EEREMERFIEHNRM

XPPEA 3 ke R B K S YR EE A A A s 1R 2
AEHEE /N, B K 2502 0.3 ¢Gy ([# 2)
2.3 BURBBIHN SRR B FER M

#% 100 cGy 5 & B 2 IR ~4 YR 1Y i B~ CF100
AT EC 58 207 ¢Gy 307 cGy 1416 cGy, 1fij #.

CHINESE JOURNAL OF MEDICAL PHYSICS, Vol.32, No.4, July. 2015



BT, A ST WSRO EBT2 TR S Z2 KA T I 25T -597-
I CF
200p o A A A A A A A 4 kA A AAhdaddaas —isF
i = 100cGy
= 180 | ®*  150cGy 600 |
(] 4 200C
B 180 1 .
- L e a9 g ® s s s e e " e tee s g 500 |-
< 140} B i
T _§ 400 | :
ulj: 120 | s
0 Y a0}
E 100 0= " m & 5 5 §g " 5 % n 5 8 58 8 5§88 a
]
] i ]
80 | F 200
]E u
60 | = 100
i L i i
o 5 10 15 20 0 ‘ ] “

Number of repeated measurements

2 EERARMXE A FERFIE

Fig.2 Effects of multiple scanning on the dosage of films

UK B ) 200 ¢Gy. 300 cGy #1400 cGy I 2 ik I8 A
SF200. SF300 ., SF400 il i 1) 132 %% 43 %1 24 205 ¢Gy .
316 cGy Fl1425 cGy (& 3),

450
wf
350 |
s00 |
250 |
200 |
150

100

The measured dosa(cGy)

150 200 250 300 350 400 450

(=]
v

Delivered dose (cGy)

B 3 RS CF100 5 8% SF200,SF300.SF400 BEH 7 2 b3
Fig.3 Dosage comparison of multi-exposure CF100 with single—
exposure SF200, SF300, SF400

#% 150 cGy 5 &2 BEE 2 IR~4 IR 1Y i i~ CF150
I EEES 51 R 304 ¢Gy 463 cGy F1620 Gy, Ifif 5.
UK B 6 300 ¢Gy . 450 cGy #1 600 cGy 1) 3 7K I8 F
SF300. SF450, SF600 M X 1) 132 %% 43 51l 4 307 ¢Gy..
472 cGy #1630 cGy([& 4),

#7200 cGy 5 &2 B 2 R ~4 IR 19 Jisk B CF200 1
R Y R4 R 403 ¢Gy L 623 cGy i1 820 cGy, Tl H
K8 5t 400 cGy. 600 cGy F1 800 cGy Ay 3 5K i A
SF400 ., SF600 . SF800 il i 1) 132 45 73 il 2 408 ¢Gy .
624 cGy 1840 cGy (& 5),

#% 400 cGy HRIRBECI L B SF400,4 d 5k
5L 100 ¢Gy H A M 4 WG 4R 2.16%, T

hEEFWEBFERE 2015878 $32%5 £48

300 400 500 600
Delivered dose (cGy)
Bl 4 ZXRERCF150 5 8% SF300,SF450,SF600 BEHI = bh
Fig.4 Dosage comparison of multi—exposure CF150 with single—
exposure SF300, SF450, SF600

. CF
900 - LJsF
800 |- 1 i
G ool
5
% 600 |
e
- so0f
L
5
2 400
"
[
E 300
L]
£ 200
100
0 i 1 i L
300 400 500 G600 To0 800 900

Delivered dose (cGy)

B 5 ZRREEN CF200 5 &% SF400,SF600, SF800 BRI 5 & bL
Fig.5 Dosage comparison of multi—exposure CF200 with single—
exposure SF400, SF600, SF800

VRIS 600 Gy FUIE A SF600 HL L 150 ¢Gy 7 8
SR 4 WS I EEEE 1.61% , 800 Gy FI| & 1) S I
B BH BG4 OGRS 2.44%

33t g

i I 2T R B AR AT X EBT2 fis 77 o
(RSRS8O R o X 52 4 [ 5] o R 1) G
FWFFE K B YR B RN Z2 vk g IR RO
DX 30 B R G I A v TR 2K
MR, X 1B EBT2 I8 MRS I 7 R SRk, IF
LIS R ) S TR o R X AN (] A ] 46 R S
R i S e B AR g IR B T s

TEXTBE G R]EE 1 96 h % EBT2 i H mIBF55
FAT UL B R A W o - B0 Bk B O Hote
AT 24 h, R F B IR B G SRR RN v T



—598 -

BT, 4F HRAT B RS EBT2 7E LKL 5 2 OB A T R E TS

57 RS, DR AR A b b B A A A AR YRS 3 7RI
I3 4 U R B R P R EEAIG 1.5%~2.5% o

B 5T H RES S L P ) R BRI ST Y SR T AE
H 8 URA T QA K th 243 B AR A IXChl, il
IMRT %% A9 QA EBT2 i 2% Tl A 2% H 5
A B R B R B o A, D H BT HESE EBT2 T 22
R (A 0 I 4 B BRSS9 EBT2 I Fr
T H ARSI L2 emx2 em K/IN, FEIX NG P 77
AT BN R4, L EBT2 B8 A AT U T4 5
RS AR BB I 6

4 £ it

AR YR 5638 1 WF 5T EBT2 68 5 LA 7] 751 et e 2
UR BRI A2 B O T A0 X, LA ok 23 B B A2 BTG
PR EBT2 B B B I {5 2 o [R]isf dadik 5 1 g
DI 5 0 SR AR A A2 A X S8 5 4 R T
WG IR R I SRRV 2 AL 1 24 h, 17 HE A2 1K
XSRS R n] LA AT

S LR AT LU — 5K EBT2 Jig A 4 454
ERRYT R BRUR & (HJ2 EBT2 R A K& H T
SRS Frlhq iDL SE

(&% rik]

[17 Aland T, Kairn T, Kenny J, et al. Evaluation of a Gafchromic EBT2
film dosimetry system for radiotherapy quality assurance[J].
Australas Phys Eng Sci Med, 2011, 34(2): 251-260.

[2] 2 ¥, &84, % 5 ARBIEPIRN 2 E T EGAL]. F
ARG G 5 2 &, 2007, 16(5): 384-385.

Li Q, Li GJ, Han J, et al. Study of film scaling method in IMRT
verification[J]. Chinese Journal of Radiation Oncology, 2007, 16
(5): 384-385.

[3] JA4E, e, K, M R ER T A AR R L ERSE
09 2 R[], BERIYE F 2 &, 2007, 34(1): 28-30.

Zhou YJ, Huang SM, Deng XW. Characteristics of radiochromic
film and its applications in radiation dosimetry[J]. Journal of

International Oncology, 2007, 34(1): 28-30.

[4] Richley L, John AC, Coomber H, et al. Evalutaion and optimization
of the new EBT2 radiochromic film dosimetry system for patient
dose verification in radiotherapy[J]. Phys Med Biol, 2010, 55(9):
2601-2617.

[5] Schneider F, Polednik M, Wolff D, et al. Optimization of the Gafc-
hromic EBT protocol for IMRT QA[J]. Z Med Phys, 2009, 19(1):
29-37.

[6] &, £UE, LFN, F. ST B FonEs 5
M. P EEFHEFLE, 2009, 26(4): 1273-1276.

Cai HF, Pei YJ, Shen XM, et al. Measurement and analysis of
relative output factor for high energy photons[J]. Chinese Journal of
Medical Physics, 2009, 26(4): 1273-1276.

[7] BE, RFU, F X ATHRSOZVRA G S e LRAE
D] B E 7 %4, 2009, 24(7): 141-144.

Cai HF, Shen XM, Li G. Calibration of multi-leaf collimator with
gafchromic EBT film[J]. China Medical Equipment, 2009, 24(7):
141-144.

[8] Ganapathy K, Kurup PG, Murali V, et al. Patient dose analysis in
total body irradiation through in vivo dosimetry[J]. J Med Phys,
2012, 37(4): 214-218.

[9] Su FC, Shi C, Papanikolaou N. Clinical application Gafchromic EBT
film for TBI in vivo dose measurements of total body irradiation
radiotherapy[J]. Appl Radiat Isot, 2008, 66(3): 389-394.

[10] Devic S, Aldelaijan S, Mohammed H, et al. Absorption spectra time
evolution of EBT-2 model Gafchromic film[J]. Med Phys, 2010, 37
(5): 2207- 2214.

[11] Kairn T, Hardcastle N, Kenny J, et al. EBT2 radiochromic film for
quality assurance of complex IMRT treatments of the prostate:
Micro-collimated IMRT, RapidArc, and TomoTherapy[J]. Australas
Phys Eng Sci Med, 2011, 34(3): 333-343.

[12] Hu Y, Wang Y, Fogarty G, et al. Developing a novel method to
analyse Gafchromic EBT2 films in intensity modulated radiation
therapy quality assurance[J]. Australas Phys Eng Sci Med, 2013, 36
(4): 487-494.

[13] Grofsmid D, Dirkx M, Marijnissen H, et al. Dosimetric validation
of a commercial Monte Carlo based IMRT planning system[J]. Med
Phys, 2010, 37(2): 540-549.

[14] Anjum MN, Parker W, Ruo R, et al. Evaluation criteria for film
based intensity modulated radiation therapy quality assurance[J].
Phys Med, 2010, 26(1): 38-43.

( 45594 51)

(4] Z-rg, B R RAMITR = 4 E Ak IT 6 A SHE I 9% 69 % v
B A [T]. P AAA AT B 5 4 &, 2005, 14(4): 284-288.
Liang SX, Jiang GL. Risk factors of radiation-induced liver disease
after three- dinwrmonal conformal radiotherapy for primary liver
carcinoma[J]. Chinese Joural of Radiation Oncology, 2005, 14(4):
284-288.

[5] Feuvret L, Noel G, Mazeron J, et al. Conformity index: A review[J].
Int J Radiat Oncol Biol Phys, 2006, 64(2): 333-342.

[6] Nicolini G, Fogliata A. Radiosurgery with unflattened 6-MV photon
beams[J]. Med Phys, 1991, 519(10): 118-200.

[7] Cashmore J. The characterization of unflattened photon beams from
a 6 MV linear accelerator[J]. Phys Med Biol, 2008, 53(23): 1933-
1946.

[8] Kragl G. Dosimetric characteristics of 6 and 10 MV unflattened
photon beams[J]. Radiother Oncol, 2009, 93(9): 141-146.

[9] Dawson LA, Normolle D, Baker JM, et al. Analysis of radiation-
induced liver disease using the Lyman NTCP model [J]. Int J Radial
Oncol Biol Phys, 2002, 53(4): 810-821.

[10] Fu WH. Delivery time comparison for intensity-modulated radiation
therapy with/without flattening filter: A planning study[J]. Phys
Med Biol, 2004, 49(5): 1535-1540.

CHINESE JOURNAL OF MEDICAL PHYSICS, Vol.32, No.4, July. 2015



