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[ Abstract] Objective: To analyze the dosimetric difference between the flattening filter free ( FFF) mode and flattening
filter (FF) mode in fractionated stereotactic radiotherapy (FSRT) for brain metastases, and provide a dosimetric reference
for FSRT in FFF mode. Methods: A total of 17 patients with brain metastases who were treated with FSRT in out hospital
between July 2017 and September 2018 were retrospectively analyzed. Treatment plan in FF mode was redesigned for all pa-
tients according to the optimized parameters of the clinical treatment plan. Target dosimetric parameters, normal brain tissue
dosimetric parameters and treatment efficiency parameters between the two modes were compared, and differences were tested
by paired t test. Results: The gradient index in FFF mode was statistically significant lower than that in FF mode (3.31 =
0.97 vs 3.45 £0.87, P=0.017) , but there were no statistically significant differences in Ds,, , Dy, , non-uniformity index

and conformity index between the two modes. V56 pep i and D in FFF mode were statistically significant smaller than

mean-Brain

those in FF mode [ (43.55 +35.72) em’ vs (47.75 £38.79)
[KFAE] 2019-07-29 [fEEBHI] 2019-11-08 em®, P =0.003; (648.39 +411.86)Gy vs (667. 15 =
[(BEEWBE] ~H OB PR (%5 :2015373) 418.01)Gy), P =0.006]. The monitor unit in FFF mode
[@ifEE] “FHEE, E-mail; chengguanghuifl@ 163. com was statistically significant higher than that in FF mode
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[(1,320.46 +354.99) vs (1,220.74 £267.86), P=0.004]. Conclusion; In FFF mode, dose outside the target volume

drops faster, and dose to normal brain tissue is lower, which help to better protect normal brain tissue. FFF mode does not

improve the treatment efficiency of FSRT for brain metastasis.

[ Key words |

AR A I R EE LT R R 2 —,
IV R T P A 2 e R b e LR 2R R o LR
i 50% "2 BT, 4T (whole brain radiothera-
py, WBRT) \F-ARFISLARE [ 55 P} (stereotactic
radiosurgery , SRS ) J&: fiii %% #% 9 1) £ % — LB )T T
BEUY it L4 WBRT — BRI B i A
I 00 B LA R O, A B T G e I B S Bl B R
FP e (HPRH BB L O, i 2 i X 52 2 RS )
51T R R T, R R SR I LR T R
SRS {14 BESFFE B/ IS , R DRI RE SE M 44/ 5 2R
FHEUCRRS 73 07 28 R M7 A e, BT Bk it
,SRS Bk RS2 BN A, 70 RS ARSE 0] UHA T
(fractionated stereotactic radiotherapy, FSRT) {f iy —
TG 1 SRS FH ML EIOG A B B 7 AL 1
W R e a7 TR A iz R H]

Pay e S Ry i RN 5 P B ME S5 R A,
T IRB - H LR B A R T PN )R] o S B
JEE A R R S X RS PR Dy 45 % (flattening
filter, FF ) #5231 4F 3, F # 3% (flattening filter
free , FITF) 452 5 P HG v 325 5 1) i i 7 i %2 7 SRS
BYT AT E] T BOR B 2 B B, SR T AE FSRT H i)
BEBTER T o AR BT E A e FFF B0 FF
FR1 BEEREREAFEER

Table 1. Target Volume and Prescribed Dose for Patients

Fractionated stereotactic radiotherapy; Brain metastasis; Flattening filter free mode; Dosimetry

B A) E2 22 50, 9 B R 2647 I 7
FSRT JfJkfi5 .

L S

L1 IEERER

[ JEs 1 3 B R B I 1Y 2017 4 7 H % 2018 4
9 H ) 4FR I FSRT [l # 9 /3, 38 17 4], 3L
s YE S B, 2otk 12 B 4R IE 35 ~ 81 % R AL AE IR
61 % RT3 80 ~ 90 [t & o8 il 11 431, %,
JiRdEE 3 ), & i E R AN S E A% 1 il FSRT A
4 B s %, UG  5Gy 5L TGy, 4r IRECH 5
~12 ¥k, 335 ~50 Gy,2Gy 43 IR ZE %50 & (equiva-
lent dose in 2Gy/f,EQD, ) 2~ 43.75 ~75.0 Gy (/B
=10) , BETEANAL Iy ) 2 AE AR BBE DL 1,
1.2 (UFE5EE

HETENLR L BB SRS FIBJE (Encompass SRS
Fibreplast system, Qfix, 38 [E ) fl 3k #1 J§ & {7 & 5t
(Encompass SRS, Qfix, & [H ) , B8 E {7 R Fl K LA
12 CT % L 2 7 HL ( Sensation Open , Siemens , 75
) 6T R R SR Eclipse (13.6 JiftAs, Varian,
SEIE) , B 3 &% i S ARG IY & 48 (EDGE,
Varian, £ [E) , A7 HRIR AT RER Ry 6MV,

Patient number  Number of fractions Dose per fraction( Gy) Number of lesions EQD, (Gy) Volume of PTV (cm®)
1 12 5 1 75.0 93.9

2 7 5 2 43.75 22.5,127.1

3 5 7 4 49.58 9.3-28.1

11 10 5 13 62.50 36.9 £29.4

EQD, : Equivalent dose in 2Gy/f; PTV: Planning target volume.
1.3 EN5HEXRAE

SBE WU EM , SRS P R[] 7 , CT 48149 4
JEEA AT F Tem BEFKE, ZEHR 1. 5mm, ¢
INAREES TR TE T (TR I= P agsa B U35 i S B e 2y 1]
PR R R o A TR DA ), AR X Ry 45
G AL AR R % g DX i PR A DX 55 KA e g X
AHT] 5 TSl 5 DX AR Al A8 5 1 00 o i R B X AR g 2 ~
Smm, & Bts B AN T L IEH ML 2L ORU R fh 2
FIHRAC L5
1.4 &tk

PR IR T T30 24k A AR R s 7 R

( volumetric modulated arc therapy, VMAT) , #R #i5 i IR
SEBR RS IR0 DS AT R =, BVl PR A A
FF 550, W% UL i3l ek FRF A, B2z D0
y FF B, it o LAk 55 S 80U R — 2, 7 b
PRI IH— 5 R Vosq =100% A5 7
L5 irRIgyERLETr

BIEIT T RE £ EDGE il g | ve % i H (5
WEBEHATRAIATT o o T AR AN i 22, X FAE
IHNGYT CRRY T IR A BE N 0 B, DRl
IRIT I EIRYT BT



IR BT 51697 2020 4F 1 H 55 33 %45 1 ] J Cancer Control Treat, January 2020, Vol. 33, No. 1 .43

1.6 IxIEGER

HRIEAE S 06 :5% \50% $E DX AARFRARXT 71 2
(D5, \Dsoq, ) s SE A W) O 12Gy FA) IE 5 i 41
ZUR T (V gumnpen ) 5 1E 5 I 2H 208 2 5] &
(D, ) 3 15 TEF5 %4 ( conformity index, CI) 107, #t
X 3 #5515 8 (homogeneity index , HI) ™' s B BE 45
% (gradient index,GI) 0T R VB R B Bk (mo-
nitor unit, MU)
1.7 SZitERE

Bl LVE = bR 22387, A SPSS(23. 0
*2 BRAESH(n=17,XzS)
Table 2. Parameters of Target Dose(n=17,X+ S)

FAS , IBM, 25 ) BRI TS24 0 M o SR I EC X ¢
K860, P <0.05 TRz R BAG 5= X,

2 7 R

BXE5ERHAFE
AR HE FSRT 1 B0 8 F0LE R B A A 45,
A HILCLAT GT AY3H3RC, X T Dsy, Hl Dy, 711
MIGETT, A GRS A T S, IR P AR 790 2 kA 7
geito PRI HILCLAE X Dy, F1 Dsy, 711
2SI ICGET A BRSO 2,

2.1

Variable CI GI HI Dyyq, (%) Dy, (%)

FFF 0.83 +0.04 3.31£0.97 1.16 +0.05 112.63 +2.32 117.83 +2.83
FF 0.83 +0.05 3.45+0.87 1.18 +0.04 112.70 £2. 83 118.21 +3.83
t -0.698 1.998 1.701 0.071 0.481

P 0.495 0.017 0.227 0.937 0.463

CI. Conformity index; GI: Gradient index; HI: Homogeneity index; FFF. Flattening filter free; FF. Flattening filter.
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Table 3. Dose Parameters of Normal Brain Tissue(n=17,
X+8)

Variable D can-Brian (€GY)

(coefficient of variation)

3
VIZG_VBED-Brain (em”)
(coefficient of variation)

FFF 43.55 £35.72(0.820) 648.39 +411.86(0.635)
FF 47.75 £38.79(0.812) 667.15 +418.01(0.627)
t 1.833 2.448
P 0.003 0.006

Abbreviations as indicated in Table 2.

F4 BERESHE(n=17,XxS8)
Table 4. Parameters of Treatment Efficiency(n=17,X+S)

Variable Treatment time (s) Monitor unit
FFF 157.35 +68.39 1320.46 +354.99
FF 160.59 +66. 65 1220.74 +267.86
t 1.282 -3.321

P 0.187 0.004

Abbreviations as indicated in Table 2.
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Figure 1. Dose Volume Histogram of A Single Metastatic
Lesion

FF; Flattening filter; PTV . Planning target volume; FFF. Flat-

tening filter free;
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Figure 2. Dose Volume Histogram of A Multiple Metastatic
Lesions

FF. Flattening filter; PTV . Planning target volume; FFF. Flat-

tening filter free;
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Figure 3. Isodose Curve of A Multiple Metastatic Lesions

A . Flattening filter mode; B: Flattening filter free mode.
33 it

JEARGELRE 1 (Y B0 08 S o A1 B A AR 58 F) i 1]
PE,RDHOG 7 1 B 1Y BE 1 A 5R JRE H BE & S A T AR
A6 O T RMEI R IR 18 £ 4 1 T e A o O
EinAXg#E s (flattening filters, FFs) |, {fi HLGEAE— &
TREE b7 A B ¥ 5 B30 4 43 A, (B IR] ) FEs /9 m
LT BRI SE A B i R SRR . X T SRS
AT, i TR R A AR, BV FF AR
WICHEARAFH T By B 2] P X e, FF AU Y
AL FFF B EARAR 22, M0 SRS ALYk ) 3 4%
F R R Y T TR 330 £ AR B 4R
PR, A, B IR A 2
FIGMAS B iz D] REME, ] i 85 8 B N iz 5l
SN R L O T IR SR, TR
I R HE DX A0 47 2 B, (B33 25 38 e 2H 2L
B R THREIRITHOR, £F X SRS JRYT Y 0k
o, B R T PR AR ORI A0 0] 2 <, 555 3RO Bl 57
AT 4 5 FFF ORI R T
M HA FF R L, BE R AR R 9 FRF 30 B A
RS ST o3 A, I L T 5 LSk I A 1)
iz TR A NI A L 2 i e N S S A S
BEO 5 FF BRI, 6 ~ 10MV () FFF A
AT, PR S B 1 2% 20em 4k 57 > 23% ~
3197 A, SR FFF BERGA a] A 5 8 A1 E
HALURE

HI T AT 011 508 A, Ak T 50 it YRR B
UOR A — i 22 5%, SR R FELR 35 ~ 506y, (HiX
FFAREm HILCL A G RS 45 R . X2 iX 3
NSBITERI . N TIEER Dy, F Dyg, ISR
BRI R IR R AT G000 X T Dyanrian
VIZGyBED-Bmin E/‘Jéﬁﬁ‘ s ﬁﬁ%ﬂjﬁ E‘J%ﬁ&xrfﬁ\:ﬁgﬁgg/;
Wi, BRGETHEE SR AL 52 R AR . i T AR I
il RIS T (6 [ Bt o3 B , e i R v
YRR 0 OB e RS AR HE X RN A SR X
IEH AL LA K RAF R R T E R . R 3 1Y

S5RAE  BIRPIMEAT D, iion TV 126, m50-rain 972
S RBAIER(0. 627 ~0.820) , {H Hy TR HIEC XS ¢
R 7 kAT LA A0S T A SETH I LA 2R

MABIFELE R, FF B FFF B R0
REAE I L Im PR X0 8 DRI 6 e e B 1R 2ok .
TR A, IR CR A [R) A8 AL S 4,
I X B ST RS BB Gei T2 2 5 o il
SRS IR FUE T ELE 2508 T R0, 336t 2 8 Xl
T AR 55— 5L . ansk 2 fr L, FRF #250HY Gl

ERCRERT FF B, 22 A G (P =

0.017) . GIIREUFR 75 i AL IX S A kv 4 2
FOEE A T 1 0] 3R 705 B DX A 198 7R e B % 3ok A
P PIHMAREFESE R AT WL, FRF A5 20T 2 X Ah i
SR B R, AT A B, FFF 8
T D pantian TV pacypen.ee 2T FF A X5
FFF #i01 G A8 BRI 45 R — 2, d 2 FFF X
FE R — LA B V 126y BED-Brain TRFRH N, )
XS M 28 RGN

Xf T FFF BN GR]  iAN  S) 1, aT DL
HAS S B AS RS B VMAT EAT AR 52 0k
AHFFRGERA , FFF BRI MU KT FF G
R, ZFAGHFEX(P=0.004) . i T 54
FFF KB N 70 AN 50,y 1 AR UEE X 27
L TEIRYT TR R A R N B AT AMEE, PR MU
B2 X AT S AR 2, B LA
JrI eIy 2E A BA G L X g T MU
BTG 1 e ) A8l ke Y I )15 2, LA K 22 e
H 5% (multi-leaf collimator, MLC ) 32 3l FI AL 48 i % 13
JERR T FFF AR B R B8R T AR SEH,
FFF #E200 A R A B R B 5 A, FE
JR B, A2 3 MLC iz 5l R BIR i FATL AR e e i
FERRBIW T TR 2R o AR XHE R SRR TR
/NHIHBIX, R R 3 T B S A FRO'G f7 5[ E MLC S
PFAIIIE B 5, AT LATE bR MLC iz ol B i BR . o5
—J7 T, AN — AR i AL T3 7R, AR FH ALK SRS i
F, PRI R o 8 o ) 3 A PR 2 RO RAER

25 BRI IA XTI 8 0 19 FSRT, FRF K1 :0HY
HRIAGE I RN 5115 FE AR, M HOHHE X
SR R kT R, AT R T A AR I 22
ST ZMEt ) VMAT £R, i 132 i iz 8l i
FIRL S I e 3 B2 1 520, R Y FRF A0 RE 32
FSRT IR 0%

EERR A& HEF N THAMES WL



MR BT 5677 2020 4E 1 H 55 33 %55 1 # J Cancer Control Treat, January 2020, Vol. 33, No. 1 . 45 .

ST BB A 3 AT Ay ACHE AR BL ST 5 IR AR I U W
BoREE T BKEFHFEHEARAERE, T
BXBE,

FARA G A S A F R A B AT 3 o

[ 4o 9 (CNKI) B4 31 F 2 K 3 S 91 2 4
P LS

BT £ R AT XX g oo, L8 Fl K &

FIEMSE: R 1k 2 5 A4 B A Al i ok R
NERMA: ASCHRAE 5 2k EHEE T

XEA A F o

(5]

[10]

[ &%k ]

XUMG , k17518 , AR, 45, o [ 5 5 [ B At g A BIAR HL A B
Zesar [ I]. MYE BB 51677 ,2017,30(4) :299-304.

Devoid HM, McTyre ER, Page BR. Recent advances in radiosurgi-
cal management of brain metastases [ J]. Front Biosci ( Schol
Ed), 2016,8(1) :203-214.

Churilla TM, Chowdhury IH, Handorf E, et al. Comparison of lo-
cal control of brain metastases with stereotactic radiosurgery vs sur-
gical resection; A secondary analysis of a randomized clinical trial
[J]. JAMA Oncol, 2019, 5(2) :243-247.

Prabhu RS, Press RH, Patel KR, et al. Single-fraction stereotac-
tic radiosurgery ( SRS) alone versus surgical resection and SRS for
large brain metastases; A multi-institutional analysis [ J]. Int J
Radiat Oncol Biol Phys,2017,99(2) :459-467.

Brown PD, Jaeckle K, Ballman KV, et al. Effect of radiosurgery
alone vs radiosurgery with whole brain radiation therapy on cogni-
tive function in patients with 1 to 3 brain metastases: A random-
ized clinical trial [ J]. JAMA,2016,316(4) :401-409.

Lynch M. Preservation of cognitive function following whole brain
radiotherapy in patients with brain metastases: Complications,
treatments, and the emerging role of memantine [ J]. J Oncol
Pharm Pract,2019,25(3) :657-662.

Kessel KA, Fischer H, Vogel MM, et al. Fractionated vs. single-
fraction stereotactic radiotherapy in patients with vestibular
schwannoma [ J]. Strahlenther Onkol ,2017,193(3) :192-199.
Petrova D, Smickovska S, Lazarevska E. Conformity index and
homogeneity index of the postoperative whole breast radiotherapy
[J]. Open Access Maced J Med Sci,2017,5(6) :736-739.
Kataria T1, Sharma K, Subramani V, et al. Homogeneity index:
An objective tool for assessment of conformal radiation treatments
[J]. J Med Phys,2012,37(4) :207-213.

Balagamwala EH, Suh JH, Barnett GH, et al. The importance of
the conformality, heterogeneity, and gradient indices in evaluating
Gamma Knife radiosurgery treatment plans for intracranial meningi-
omas [ J]. Int J Radiat Oncol Biol Phys, 2012,83 (5) : 1406-
1413.

[11]

[12]

[13]

(14

[In

(15

[

(16

[

(17

[

[18

[l

[19]

[20

[

[21]

[22]

[23]

[24]

Georg D, Knoos T, McClean B. Current status and future perspec-
tive of flattening filter free photon beams [ J]. Med Phys,2011,38
(3) :1280-1293.

Shi W, Jain V, Kim H, et al. Fractionated stereotactic radiothera-
py for facial nerve schwannomas [ J]. J Neurol Surg B Skull Base,
2016,77(1) :75-80.

Licup A, Nakhaee S, Van Kranen S, et al. Data mining in RT:
Intrafraction motion and treatment time analysis for SBRT lung
cancer patients [ J]. Radiother Oncol,2018,127 (S1) : S213-
S214.

Navran A, Heemshergen W, Janssen T, et al. The impact of mar-
gin reduction on outcome and toxicity in head and neck cancer pa-
tients treated with image-guided volumetric modulated arc therapy
(VMAT) [J]. Radiother Oncol,2019,130 :25-31.

Mani KR, Bhuiyan MA, Rahman MS, et al. Open beam dosimet-
ric characteristics of True Beam medical linear accelerator with
flattening filter ( WFF) and flattening filter free ( FFF) beam
[J]. Pol J] Med Phys Eng,2018, 24(2) :79-89.

Stieler F, Fleckenstein J, Simeonova A, et al. Intensity modula-
ted radiosurgery of brain metastases with flattening filter-free beams
[J]. Radiother Oncol ,2013,109(3) :448451.

Kragl G, Baier F, Lutz S, et al. Flattening filter free beams in
SBRT and IMRT; dosimetric assessment of peripheral doses [ J].

7 Med Phys,2011,21(2) :91-101.

Hrbacek J, Lang S, Graydon SN, et al. Dosimetric comparison of
flattened and unflattened beams for stereotactic ablative radiothera-
py of stage I non-small cell lung cancer [ J]. Med Phys,2014,41
(3) :031709.

Cashmore J. The characterization of unflattened photon beams from
a6 MV linear accelerator [ J]. Phys Med Biol,2008,53(7) :

1933-1946.

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.

Milano MT, Usuki KY, Walter KA, et al. Stereotactic radiosur-
gery and hypofractionated stereotactic radiotherapy: Normal tissue
dose constraints of the central nervous system [ J]. Cancer Treat
Rev,2011,37(7) :567-578.

Sun WZ, Chen L, Yang X, et al. Comparison of treatment plan
quality of VMAT for esophageal carcinoma with: Flattening filter
beam versus flattening filter free beam [ J]. J Cancer,2018,9
(18) :3263-3268.

Lu JY,Zheng J,Zhang WZ, et al. Flattening filter-free beams in
intensity-modulated radiotherapy and volumetric modulated arc
therapy for sinonasal cancer [ J]. PLoS One, 2016, 11 (1) :

€0146604.

Bahrainy M, Kretschmer M, Jost V, et al. Treatment of breast
cancer with simultaneous integrated boost in hybrid plan tech-
nique : Influence of flattening filter-free beams [ J]. Strahlenther

Onkol,2016,192(5) :333-341.



