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[ Abstract] Objective To explore the Monte Carlo calculation methods for the absolute dose
calibration and output factor of 6 MV flattening-filter (FF) and flattening-filter free ( FFF) photon beams
based on TrueBeam accelerator. Methods The BEAMnrc code was used to model the LINAC head of FF
and FFF modes. The BEAM _up covers the components from the target to the monitor chamber, and
BEAM_down includes the structures beneath the chamber, the dose deposit to the monitor chamber
contributed by the incidence electrons and scattered particles from the secondary collimators were calculated
respectively. The incidence electron-induced dose at certain depths on the central axis were simulated by
means of the DOSXYZnrc code. By means of dose calibration equation, the calibration factor for the
standard field (10 em x 10 ¢m) and the output factors for various fields (1 em x1 ¢em =40 ¢m x40 cm)
were computed respectively. Results For the 6 MV FF and FFF beams under the standard 10 em x 10 ¢m
field, 1 MU equals to 7. 747 x 10" +3.099 x 10" and 3. 248 x 10" 1. 624 x 10" electrons to the target,
respectively, which deposited 21.53 and 35.01 ¢Gy to the monitor chamber of the virtual accelerator
respectively. The difference between the simulated and calculated output factors were 0. 72% +1.4% and
0.56% +0.78% for FF and FFF, respectively. Conclusions The model generated and measured output
factors agree well, indicating the good accuracy of the dose calculation by the model, which would provides
basis for further clinical dosimetric studies.

[ Key words] Flattened model; Flattening-filter free model; Monte carlo;  Output factor;

« 29 .

TR T



30 - rRAE A B2 SR A 2017 4E 1 A28 37 %5 1 ] Chin J Radiol Med Prot, January 2017, Vol. 37 ,No. 1

Absolute dose calibration

Fund programs: National Natural Science Foundation of China (11505012 ) ;
Administration of Hospitals’ Youth Programme ( QML20151004 ) ;

Research in the Public Welfare (201510001-002)

BRI (FFF) H 25 SR E 2500 564 57 P 741
AN S) N2 v R R SR, AR 4 R
IRITEFI], $2 5 R IR T A% B AR AR 5 B A1 E H
LS AR R T 003 A O I AR TR e B R
(FF) |, 3t Ay PR i o 5 ot A T AR o
THRIBRER " ARSI g K | KA 2 B
23 (NRC) B9 BEAMnrc/DOSXYZnre F# 510 #t ~7
6 MV FF 1 FFF 5 2X i 2 8% 185 81, 2% Popescu
EN R ?E%%ﬁ{k%ﬁﬁ%%fiﬁf%ﬁ”w HL 5
BT ST e S RN S 2k o 4R
SPER I LB 55 S G /IN 6 2R 3 A T G A
U PR 7 A% R 4 o 5 e S L AR R (MU) B
N ZR AT 52 B A% A R (1) o o 591 o 200 ), o0 S )
BN AR 0) X P Zem R e s e A
i A% i LA

M 5TTE

1. SRR AL S SRS . %5 TR F vy il
{18 S S e 0 e 0 P, 2 2 ) S T AR A S ), 18
SRR YRR 1 R, #EAD BEAM _up ({245
FF Al FFF PASEE0) IR HE | WI90E L A | s
B TA | MR F B A PO AR I ME EL AR DL AR
XETWE’JQH#F%/\ AR R e A b 3R B B
Hls 27. 88 em 7 EAAEIC ORI F A A [R] SCF A,
FAT BEAM_down #3410 iy AR . BEAM _down
RRORUASADU s I P, 9 2, OB AN X/ Y BT AR
g3, PR X BT R I SRR Y AR S [A] S B
FFF # BEAM _up BLAY R4 3L [E Varian 2

Beijing Municipal
Special Fund for Quality Scientific

AR ALY AE SRR} FE S R 28 1 0 B R
FE4 0. 812 6 cm FUHSH .

AA5E BEAM _up #5558 A G55 8 Sk 45 0] 5 S
R A G RE S (ISOURC 19 5 ) , AfHH 7
FR A 6 MV HLRE, 2 = 4 58 (FWHM) 2
0.75 mm, HHiis#k ik fg i (ECUT) FIAl 7™ A4
HL P I A RE I (AR) 8 R 0.7 MeV , Y6 T4z 4
1EfE T (PCUT) F) SRR 5 7 A= Ot i B AR g
(AP)50.01 MeV, A ER M ME B A S 2 Ar
I H 5 2 A R S DU AR R LADIRG 132, 3498 55 FFF AR X
i) BEAM _up #5 5 ;7 A5 A 23 8] SCH K /N R 56 Fi
48 G, o341 3. 097 x 10° A1 1. 842 x 10° 4~Hi 1,
YE>% BEAM _down #2715 A, BEAM _down #5%
RIRCIR TR0 B N 1. 999 x 10° ~ 4.999 x 107, ki
THOE SRS KN E YR M B AR S RTE W
T 5 2 A 7 DRSO 28 SR AN S AR 1%
LA,

T B KRR R TR A Y R T A
B ARWFFE 3B SOURCE 9 (HL3k BEAM #574) 1k
DOSXYZnre 2 7 fiy A U5, X Fh 3L = #2 ¥ /% ( shared
library ) 772X, kG T PRURA 25 i) SC A4 P R B0
8% 420 Pr s i 1) AF 58 42 k7 = 1 R 25
DOSXYZnre F2F{#H 50 em x50 em x50 em bR
K#EAKR, Hh ECUT, AE, PCUT F1 AP &% 5
BEAMnre F2J7 40 N 2800 B AR W], #6315 41 35
Ol 1 A TR AR A LR X T 4 em x4 em DA
TP AR A E AR R E M 0.2 em x 0.2 cm x
0.2 cm, HABGBF 3 R 5% XAK R E 0.5 em x

lEH W

m i

VIR e 2 s PIBRES— - /
HE — —

22 HZESCAA —= - - - - — - — o

e — E i — P
YIXERT] —
— i — _/ \_
T / /
HZS A SCA — > - - - ®1‘E?El‘—])'d‘#A—> fffffffffffff . *EZE’H)'C#FB—* ________________

1 WS ERASFRER DA A, BEAM_up ¥R B. BEAM_up JEXJEAREAL; C. BEAM_down 57
Figure 1 Monte Carlo models for FF and FFF A. BEAM_up FF model; B. BEAM_up FFFmodel; C. BEAM_down model



rRAE S B SR 4 2017 4E 1 4537 % 1] Chin J Radiol Med Prot, January 2017 ,Vol. 37,No. 1 .31 -

0.5cm x 0.5 cm, AJFRFEBEE R 2 x 107 ~
6 x 10" R FH05 G 8 R /NBE E, TSR 45 R A
B FE PR HIAE <0. 2% LAWY,
2. ZEXE R 2 B AR T S 4 X ) 2 R
0 ARETEF AN 10 em x 10 em, JRFEFE (SSD) K
100 cm, 7€ 5F B o0 b 55 K500 4 8 (D, ) A,
1 MU =1 ¢Gy, MU A Wil i 2 = i) 550 4 567, Pl
T 30 ) R Bl B A A i R, W e 4 R R DR
D IHEN (1) Fis .
D, = Di™ + Dyt ()
2, DIt SRy BN L DA O i) 2 3 W e
FFRTU, D S X/Y #5178 52 5 2% 7 W
HLEE IR TOR . PSS 800 W H 3 == g s
AR AR TR 9 F- M8, 34 7] 78 BEAMnre F2 )7
R . egslst SCHFHAREC, B4 R Gy/ bt
AHFFEH D, F/RTERA B FATHLS Zoid fin
TRHLR A AL, I AR AR R K BAR AR AR N (e
2) A BYIR 2 (Voxel ) FF LAY &, 12 508 A7 At 7F
DOSXYZnre #5542 . 3ddose X H A MA K Y
FIEAE, AT LLEHFE 2 Bt H 2. egslst SCHRH ASBF
G matlab T2 7 332 BOM 5C £ 4 20808 b 28
MZRRN AR E D, |, B2 (2) %
Dy = DN, (2)
L, N, AR TR TR 5, N, S AT
A W H B I DAL 4 xR B D, L, BN
wr.
Dy e = DN, (3)
1A W T BpAS F R~ 57 A e  E ORG o
s HE , Aric S DL U, Horh U Fm MU %GR,
KGB)AEAB R D, .. = DU, AFFoFHE
N, A (4) Rk .

DI
N, = TA‘U (4)
WH U =1, Wm0 MU A4 F
DIIIWU >, A . 4
N, = T AR R (4 AR (2) 1535

Duh

IR AT AR a5t 4, il (5) Fw, i3t
T P TFATAT S KN, o] - BF ol 2 41 8 IMRT
I, mAKXTH, D, 5 SR T
N, Tk,
Doy =D, D3y

XF T IMRT $H30) , m A BEAS [6] 4 5 BT, 43 )
U 56 BT A 4 6 500 o, IMRT 4] 850 2 ey

U (5)

TRAH .
D

i
_ pl MU m wyz i .o
Dmﬂl)s = Dch,ulyszi:l D U /H\:EP,I =1,-, m (6)
ch

A (6) AT T IMRT FIZ5MH VMAT 3141,
AV B Z MM MLC) YRR HE ST I8 58 T 5T Y
MLC J3 91 132 MU 5 S0 g 200 6 55 AR BIF 58 B A
e,

3. SR R ARV ME: Dy oxi0) #5485 10 em x
10 emBRESTEF AT, S A SR HL - FE W I H i =
%0 4 0B, Bk, K (3) Bk DY, =
Dch(lelO)Ni MU, s (2) Al BLd oy D;;I'i,ahs =
DN #ia X (2) M) HBEIA(T)

T BRI, 5 Doy 10k BN AR, DL
oK N N R LTS I N | 2 0
R (5) AT AR Ry (8)

D Dm]
ch(10x10) xyz,abs
D, = D, —h00x0) Tz (8)
xyz,abs xyz cal
Dt‘h Df::

LA () ACAK(8) 132K (9)

forward back cal

D - D D™ + Dijioxio) Duz,ubsU (9)
xyz,abs T xyz D/ouuml + Dlmck Dcul
oh ch wyz

4. 5 B ) DR A0 5 00 2 P AR R R/
SR A R i AR B AR OC R | ASBIE Y i
FAI R AR E PTW 23 A 2 SR 2% (PTW
60016) (1 em x1 ¢cm ~3 em x3 em) F10. 125 cc H,
B % (PTW 31010) (4 cm x4 cm ~40 c¢m x40 cm) ,
W& 25 SSD =100 em , M= RE A 10 ecm, PTW
60016 A= FARERI 5 , A %00 2 AFN 0. 03 mm’,
23 [B) o3 PR A, T T /N RO S5 BB 5] o~ A0
Wi, A5G PDD. profile F1%u ih W &, PTW
31010 HLE AR BU 0. 125 em®, AT I T4L
REFRF B 2 B i, S8R R AR
ST PR 7 (ROF ) G SUBR HE 7K B A4 v S 5 s
B R RUREE AL BS AS H AR R OB X T
PRHESTEF (10 em x 10 em) BY FGAE, A (5) 7] 50
ROF B+ R R s

Dl MU
ch,abs
D, gy
ROF = Dyws " Dy,

- D - Dl MU

vyz,abs(10x10) D ch,abs U
xyz(10x10) D
ch(10x10)
_ Dy Dacioxioy (10)
D,.coxi0y D

{P, D, AERER P B B OB B S
TREEAL (AW BUK T 10 em) W97 5{H , Gy/ KT,



© 32 AR 2 S B A5 2017 4F 1 H55 37 B4 13 Chin J Radiol Med Prot, January 2017, Vol. 37,No. 1

FERAHL TR 5 76 5 0P o Bl b R R b Y
UUBGA . D, WM RT LATE DOSXYZnre #2774 LY
egslst SCPFEH3REL, ROF YA X 1 22 ( Dev. ) H1 3K
(11) 45351

ROFMC B ROFMea<
Dev. = —— ——- 11
“ ROF,.. ()

5. B b B ASHIF 5T 2R OriginPro 8. 0 B3t
FECHRAL B | Y5 {8 FRR I 25 25t B0 45 1, A DG 4K
T BEALAGE FE Y egslst SO FP B 3232 L

# R

1. AR B . 6 MV FF 5 FFF ARk
S B B e W = S AR D, M
I FRL B 2 SRR TR D, BT 43 L S5 B A AR R
Ko B FEA N, 209 K2. 33% +0.71% F1 1. 79% =+
0.62% , Q& 2 fr7 , BIVR G LA 1 S SF0 W il v
EERFE FF BAEXT 8K, 3 FFF #E10
1.32 %,

NI ST R 2 1 25 R A A R S T

3.5¢

—u— R
—— B

Dhnck/Dch % ﬁ

0.5

510 15 20 25 30 35 40
SHEF RN em X cm)
B2 iS5t D, /D, HLIE S5 K/NAE R
Figure 2 Relationship between the ratio D, /D, and

the field size for FF and FFF models

D (X10Gy/kLF)
Dy (X107 Gy/HiF)

L L L L . L L 20
5 10 15 20 25 30 35 40
SEF K /Mem X em) @

6.0L%
0

U D, 5578 E TR A 5 B O il 1 50 & TR
D, WAXC R 3 s, WH5ERM, D, S5TEF
F/NIE F, FFF B 3528 FF BE0Y 2.2 4%
Dy, K/NGFTEF R L, FFF B350 FF AR R
3 15,

6 MV FF 5 FFF #5574 5 B AH X i o P 19 52
R~ 2 BEADL 5 00 S S AR X 0 25 ( Dew. ) 25 3240
Bl 4 7, AH X O 22 B 28 X6 {8 5 19 ~F- 35 {80 RN A 7
ZRAN0.72% +1.4% . 0.58% +0.78% , P Ff
R T/NT 2 em x 2 em B)/DR ST 5B A9 ROF
2K,

2. X HHEEZ B X F 10 em x 10 em Ay ifiE IR
STHT, L7 BEAM _up 15 3 ¥ 8 HHE AR
NS E A W B ) R TR D B 5 )
H2.706 x10 77 +1.624 x 10" F1 1.056 x 10" +
2.112 x 1077 ; 7 BEAM_down 153 P Fffs = T
UG E T A% BRI A W 0 R B 3 N A R DT AR
D B A3 91 7.288 x 1077 £4.373 x 107" #
2.192 x107'° £1.534 x 10 ~'*, t DOSXYZnrc 27
B AR N A S B FESE O S H K
WER AL (AR E I 10 em Ab) BRI ETR D 4
517k 8.558 x 1077 +£1.712 x 107" F11.952 x 107" +
1.952 x 107", LA LS B4 3 R Gy/biFo W
st DL 4r 31 0.663 F10.634 cGy/MU,
UL EZHRALK () H/BRAA(12) .

D 0.7215 3(0.350 17) _y
wEabs 992,706 x 107 (1.056 x 107"*) + D

(12)

ANR(11) FoRn FF 5 FFF BT s 28 % i

1 MUBHFE W) e g5 2= 75 30 i 0] OB 4031 oy 21. 53
F135.01 cGy, B AK(13) FI(14) #EF15 5.

cal

D,
[DE™ + Digioxio) —Bj;;;"” = (2.706 x 107" +7.288 x10™"7)

xyz

241 3.0
F 22 5, 25 &
£ £
3 20 S
9 120 &
S 18 5
X 15 X
R =
{10 =

14 ~

12 L L L ) L L L 5.0

<0 5 10 15 20 25 30 35 40

S (cm X cm)

B3 WERSIEEER D, 5 Dy, BESHEIOMICRE A SRR B AR R
Figure 3  The relationship between D, . and Dy, and field size for FF and FFF models A. FF mode; B. FFF model



rRAE S B SR 4 2017 4E 1 4537 % 1] Chin J Radiol Med Prot, January 2017 ,Vol. 37,No. 1 -33.

6r 712
* _a———=="]
/‘.—’
A J1.1
4k A
o ¥
P 1.0
- » R i
= » -e- JUELER H
2T *- HIXHi 3% 0 &
2| =
= " 08 &
0 —J ;‘?( &K‘)K/ .,.—-—-)K/* %
o 0.7
) L L L L L L L 0.6
0 5 10 15 20 25 30 35 40
5B K/ (em X cm) @

3 > 112
2 P T e RN
aT
el {10
S 1k y
< p o
E /<—>k J09 g
B o M-*—;K— ®
= 08 ?é
-1k -u SRR
- JUEAR 107
¥ - HIXHR 2
-2 1 ! 1 1 1 ! ' 0.6
0 5 10 15 20 25 30 35 40
5 BF K/ (em X cm)

B4 P SRR O ok S B R R 25 AL AR B RS
Figure 4 The ROF and Dev. of FF and FFF models A. FF model; B. FFF model

0. 663

m =21.53 CGy (13)

cal

v Dy
(D5 + Do) ] —gijﬁ"* = (1.056 x 107" +2.192 x 107')

o

0. 634

DI MU Dcal
*Ejﬁ/é\\ﬁ N(] MU — ch,abs g N‘l MU — xyi;a:bs , 7I§
Dch(lOXlO) nyz

WFFE FF A FFF BCBUBRIE ST EF 1 MU 43514024
T 7.747 x 10”7 +3.099 x 10" Fl 3.248 x 10" +
1.624 x 10" N HLF-FTHE, 45 & 5 B b B, m LA
A5 3 25 Sk B 108 248 o8 351 i 220 PR -, T 5 RO 7Y
F14) 28 XoF 5] ot 220 BE

i

SEARSE ST VA T (SBRT) ISy AR 52 1] Jile i 41
BHATT (SRS) 76 W9/IN 0 M it 98 . FF9es A0 i ) 2
ol B % B R B A T R R TR
FTOL o HAR B R (FFF) B9 SRS 1 SBRT 4
A BAF R BRI b, IE 4 42 1A IR Y7 I A 45
S AR A X TR R R A A R R SR A
il 5%, A A3 i S KU L e K 3, T AT
PR RO T G ad B B S R R I R AR AR
KAYE ST Wtk D, /D, B LA, FF &R
FFF A0 1,32 £, 5888 1Y 5 bR 8 MLk 5O
A G AR, SR 5 A8 6, S5 PRk 30 e W T R
FUEE R WY 38, W] DA 45 IR 9T B, 4R R T
&4&%[14—15] .

I A F 0 1 (PR B A R I 2% ) #E FFF
B A 2 3o 50 220 B TAE o, 22 BT 400 248 4 1
AR (>500 MU/min) , JEH/IN RS 4E SHEF T #8500
TR BRI , fl B o N A, S SO 1 0 A

2 5 LN T 25 e KT BRI B T 5T
TR AR FH S8R = B ST BRI 2 AT
ARTAY S S ATRURT T B I A R e | AR
N | ARUFIESON AE S E A9 BRI AR 8 1E R, i — 2
3G A e R RN RS S B AAE F S %
PRINAS o PRI, BN 4 52 R s 20 B 80 1Y) 4 ST
Xt a2 TAE RN IEZ, LT 3 em x
3 em A /R S5 B A o DR 0 6 T
AR ARFRASON, | Y5 %) EE P 350 15 P El - AN Al
S (N i 25 SR 22 K, i — 20 R OB AL RN )
MM R, e E K YT (NPL) XFF /7
RT AR ST EF 5 LU ARCTR A, I 0] R R iy i SR 2
AR ERRE /N RS 4 S B 0% 52 ), R0 s 1) B8 3 B
R IE AR il B pS R S T 0 S T V7RV \Y N =12
- RS A Joi R 1 PR R AR T K RS I £
PR 95 B 25 57 DL AR A8 25 IR BRI 52 ), 52
R BT T 38 2B AP 3h B AR 5T IR AR 4
/NS HR Ip B 4 55 551 o A e 1k 2 R A
Bl ARG PRI H 24 BRSO R 25 e 3 X
ST 5 ) PR R ORI . R B R i A S
T, F0 577 SEARI A T LA R RO - 5 Il 5 35 B
N P E | AN

AL A ()13 5 AR AR 0 SRR
WRRIFLR [ B e T AR IR 0 446 X6 3R e 0 B PR
SRR H R T, S 2R R R O R R S
KB BAFS LA ST R AL T 0 B A AR LA [ A
SRR A8 AR AR 1 5] 1 20 B AT AR AL T AR Y O ik
WA . A 5T B B 4 B DR i SR R B RN S
WM AR 22 FEATE 1% LA, BR/DTF 2 em x 2 em T8
PIA, 3t — AU B T IR R RN Oy vk 1Y) A R v AR A
PE, O T P& BN B, R RIS SR 1 A1



- 34- AR R S B i 2017 4F 1 H 55 37 55 1 I

Chin J Radiol Med Prot, January 2017, Vol. 37,No. 1

JE A $E R BEAM _up A5 A B L -850, 43 ) 7
A2 56 148 G A= (8] SCIF (EGSnre B8 AH S (8] U
KM 56 G) , ARGES T 7E BEAM_down #R 7Y iHy
FAHZS [ SO AR T G 8B B ok i E
M7 F A R 22, DOSXY Znre #4858 0 il
R TR A 1 5] R TR R ISOURCE 9 2 3%
TR &, T E B SR A3, B T
LAY B 1] AR

AW T — 25 W58 05 1) 2 DA A 55 0
WFFE SR o At — J7 AR 400 3 2% I8 5 ik S 9R F7
(DIMRT) , 5 BB 38 ST VA YT ( VMAT) 3150 kG i
PR AIE, 55 — J7 1 AF 4 /N RO 58 5 5, R A2

<1 cm x 1 em BB/ NEFF] 22 05T

MR AAGKRARRE. HAOWRE  REH#HTZUE
M2 AT ASIE 24 AR 55 TV 45 1 25, 72 BLRTARF 9 i i 57 4
FRF2E T LIIE

EERIER  HERA TR TR ISR 5T
IR FI S 5 2 A TT SR A4 . XIS | HERERN
S A T N PRI R A, R S B Rt
TFRME RIS S

£ % x o

[1] Lechner W, Kragl G, Georg D. Evaluation of treatment plan
quality of IMRT and VMAT with and without flattening filter using
Pareto optimal fronts[ J]. Radiother Oncol, 2013, 109(3) : 437-
441. DOI: 10. 1016/j. radonc. 2013. 09. 020.

[2] Navarria P, Ascolese AM, Mancosu P, et al. Volumetric
modulated arc therapy with flattening filter free (FFF) beams for
stereotactic body radiation therapy ( SBRT ) in patients with
medically inoperable early stage non small cell lung cancer
(NSCLC) [J]. Radiother Oncol, 2013,107(3) :414418. DOI;
10. 1016/j. radonc. 2013. 04. 016.

[3] Boda-Heggemann J, Mai S, Fleckenstein J, et al. Flattening-
filter-free intensity modulated breath-hold image-guided SABR
(Stereotactic ABlative Radiotherapy) can be applied in a 15-min
treatment slot [ J ]. Radiother Oncol, 2013, 109 (3 ) ; 505-509.
DOI: 10. 1016/]. radonc. 2013. 09. 014.

[4] Rogers DWO, Walters BR, Kawrakow I. BEAMnrc users manual
[J]. Nrc Report Pirs, 2004 ; 1-288.

[5] Walters BR, Kawrakow I, Rogers DWO, et al. DOSXYZnrc users
manual[ J]. Nrc Report Pirs, 2010, 1-125.

[6] Popescu IA, Shaw CP, Zavgorodni SF, et al. Absolute dose
calculations for Monte Carlo simulations of radiotherapy beams
[1]. Phys Med Biol, 2005,50( 14) :3375-3392. DOI: 10. 1088/
0031-9155/50/14/013.

[7] Nestle U, Guckenberger M. [ Stereotactic body radiotherapy for
malignant nodules in the lung] [ J]. Zentralbl Chir, 2013, 138

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Suppl 1:825-31. DOI:; 10. 1055/5-0033-1350866.
Mancini BR, Park HS, Harder EM, et al. Elderly patients
undergoing SBRT for inoperable early-stage NSCLC achieve similar
outcomes to younger patients[ J]. Lung Cancer, 2016, 97 22-
27. DOI: 10. 1016/j. lungcan. 2016. 04. 011.

Dionisi F, Guarneri A, Dell’Acqua V, et al. Radiotherapy in
the multidisciplinary treatment of liver cancer: a survey on
behalf of the Italian Association of Radiation Oncology [ J].
Radiol Med, 2016, 121 (9 ). 735-743. DOI. 10.1007/
s11547-016-0650-5.

Smith TR, Lall RR, Lall RR, et al. Survival after surgery and
stereotactic radiosurgery for patients with multiple intracranial
metastases: results of a single-center retrospective study [ J]. J
Neurosurg, 2014, 121(4) . 839-845.

Stieler F, Fleckenstein J, Simeonova A, et al. Intensity
modulated radiosurgery of brain metastases with flattening filter-free
beams [ J ]. Radiother Oncol, 2013, 109 (3) :448451. DOI:
10. 1016/j. radonc. 2013. 10. 017.

Reggiori G, Mancosu P, Castiglioni S, et al. Can volumetric
modulated arc therapy with flattening filter free beams play a role
in stereotactic body radiotherapy for liver lesions? A volume-based
analysis[ J ]. Med Phys, 2012, 39 (2). 1112-1118. DOI.
10. 1118/1. 3679858.

Fu W, DaiJ, Hu Y, et al. Delivery time comparison for intensity-
modulated radiation therapy with /without flattening filter: a
planning study[ J]. Phys Med Biol, 2004, 49(8) . 1535-1547.
Vassiliev ON, Titt U, Ponisch F, et al. Dosimetric properties of
photon beams from a flattening filter free clinical accelerator[ J].
Phys Med Biol, 2006,51(7) :1907-1917. DOI. 10. 1088/0031-
9155/51/17/019.

Salter BJ, Sarkar V, Wang B, et al. Rotational IMRT delivery
using a digital linear accelerator in very high dose rate 'burst mode’
[J]. Phys Med Biol, 2011,56(7) :1931-1946. DOI. 10. 1088/
0031-9155/56/7/002.

Tyler MK, Liu PZ, Lee C, et al. Small field detector correction
factors; effects of the flattening filter for Elekta and Varian linear
accelerators[ J ]. J Appl Clin Med Phys, 2016,17(3) :6059.
Ravichandran R, Binukumar JP, Al AI, et al. Diamond detector
in absorbed dose measurements in high-energy linear accelerator
photon and electron beams[ J]. J Appl Clin Med Phys, 2016, 17
(2) :5690.

Bouchard H, Seuntjens J, Duane S, et al. Detector dose response
in megavoltage small photon beams. 1. Theoretical concepts[J].
Med Phys, 2015, 42 (10): 6033-6047. DOI. 10.1118/1.
4930053.

Bouchard H, Kamio Y, Palmans H, et al. Detector dose response
in megavoltage small photon beams. II. Pencil beam perturbation
effects [ J]. Med Phys, 2015, 42 (10): 6048-6061. DOI.
10. 1118/1.4930798.

( Wk H 41:2016-08-10)



