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[ Abstract] Objective To compare the dosimetry difference between flattening filter free
(FFF) mode and flattening filter (FF) mode in deep inspiration breath-hold(DIBH) treatments of left-

sided breast cancer after modified radical mastectomy with volumetric modulated arc therapy (VMAT).
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Methods
modified radical mastectomy with DIBH radiotherapy in the First Affiliated Hospital of Xi'an Jiaotong
University from December 2020 to May 2021, aged 37 to 61 (43.5+5.7) years old. VMAT plans of FFF

and FF modes were designed for the same patient, and the same prescription dose of 50 Gy/25 times

Retrospectively analyzed the clinical data of 16 female patients with left breast cancer after

was set in the planning target volume (PTV). Under the same dose normalization, the dosimetric
parameters of the target and the organs at risk(OAR) and treatment efficiency were compared between
the two plans. Paired #-test was used to compare the data between groups. Results  No significant
differences in Dyo;, Dsgo;, Dogos, CI, HI and GI were found in the target area between the two modes
(t==1.519-1.644; all P>0.05). FFF mode was superior to FF mode in protection of OAR, such as Vs gy,
V30 6y (VX Gy: 2x Gy volume as a percentage of total volume) and mean dose (Dyyeqn) Of heart; Vs gy,
Vio Gy and Dy, of ipsilateral lung; Vs gy, Viggy» V20 gy @1d Dipean of whole lung; and Vs g, of patient
dose, and the differences between the two modes were statistically significant (=—4.741 to—2.156; all
P<0.05). The total monitor units of FFF mode was 1.32 times of that in FF mode ((1073.41£143.79)
MU vs.(815.70+£87.69) MU), but the total delivery time was reduced to 88.9% of that in FF
mode((128.00£11.64) s vs.(144.75+11.45) s), and the differences between the two modes were
statistically significant (+=8.665, —4.373; both P<0.05). Conclusion  The target dose between the two

modes were similar. The FFF mode can remarkably reduce the radiation dose of OAR and normal

tissues, and can significantly shorten the time of DIBH therapy.
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Figure 1 Dose volume histogram comparison of the two
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volumetric modulated arc therapy plans in a patient (female, 46
years old) with left breast cancer after modified radical

mastectomy
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Table 1 Comparison of target dosimetric and machine

parameters between the two volumetric modulated arc therapy

plans in 16 female patients with left breast cancer after modified

radical mastectomy (¥ + )

28 FFF-VMAT FF-VMAT  # Pl
Dy, (cGy) 5640.22+70.09 5613.52£63.07 1.644 0.121
Ds00,(cGy) 5323.74+48.55 5307.29+51.74 1.462 0.164
Doy, (cGy) 4881.38+32.21 4891.64+31.88 —1.386 0.186
& B AR EL 0.87+0.49 0.87£0.05 —0.490 0.631
PR i 0.14+0.02 0.14£0.01  1.415 0.178
FEEEFREL 3.24+0.66 3.30£0.67 —1.519 0.150
HLESEREL(MU)  1073.41£143.79  815.70£87.69 8.665 <0.001
PATHSE] (s) 128.00+11.64  144.75£11.45 —4.373  0.001

UE: FFE BRI A VMAT A 2eBURHE MY FF A3
LR Do, 7N x% FIVARFRY 37 BRI
V30 Gy 2 Dieans BT Vs Gy~ VioGy X Diean» 4=
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B2 ML RARIGAE B (h, 46 )2 MARURE R IDTTHRIF— CT BURSHIHEL /3 i ki A N FFF-VMAT it
%5 B A FF-VMAT %], A F1 B BN A EARUCHEIW T, R1E . RRETE . FFF RAEREER ;. VMAT 28 BUIE 5 VR 58 50T

FF A3y

Figure 2 Comparison of isodose distribution in the same CT images with two volumetric modulated arc therapy plans of a patient (female, 46

years old) with left breast cancer after modified radical mastectomy
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Table2 Comparison of dosimetry of organs at risk of two

volumetric modulated arc therapy plans in 16 female patients

with left breast cancer after modified radical mastectomy (¥ + s)

S8 FFF-VMAT FF-VMAT i P

O
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e
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A FLIR (fe)

Vsa,(%) 23.41+4.06 23.4143.99 0.001  0.999

Drean(cGy)  425.96+88.41  435.89+9234 —0.830  0.420
HHEHMIL 0.5 cm

Drax(cGy)  2677.70£471.84 2681.10£506.08 —0.064  0.950

Dpean(¢Gy)  627.55£159.14  610.19£162.16 1.184  0.255
B Z I =

Vs 6y(%) 25.71%3.74 27484374 2465  0.026

. FFF R8s VMAT R TR 58T s FF b1
BERS; Viay H2x Gy KRB BT 20 5 Diean A 5
B3 Dipay AR

3 g

FUBE ARG B R DIBH £oR , AMUAT 1By
IR Z Sl AR X IR, o v AR o IR B il 45
Las BB IR, 4RI, fi T DIBH AR
BRI EEOME AR B AGRYT, 2RI IE AT
], FEARZFEZ DIBH jR Y7 1Y B8 kw2,
FI AT FE PN A T80 2 AT R SR TE7 A VMAT
HA, RAESRAYT, FFF a2l H iz shn]
T AL A DR AR PRSI PEN Y FRF B as
ROl N /T I 55 O 17 1D LT i

FRATAE 2200 L AR 98 ol AR YA R 5 B & DIBH
VMAT 1, 435131 FEF #1 FF SR IEAT IS, 25
SRR 2 PR IX R ARL, FFF RS K A%
BARZIFIEEAL, JF ] B E gAY A
ARBF5E P FFF A2 VMAT 3% 51448 FF #
A FT BB G PRIG T BEoK, 2 B U X 7 36 %
Doy Dsgoy X Dogo, #HBL, CI. HI K GI 225
W TG X (H P>0.05), X5 BELEAH 0T
FELER—3, FFF #05 FF 80X 5] A6 TG
B 22 02
TEfG S AR ERY 7 I, AWESE FFF BE 10
JIE Vs Gy» Vs Gy» Dieans B e Vs Gy» Vio Gy»
Dineans 4 fili VSGy\ VlOGy\ V20Gy\ Dineans B2
MRS Vs 6y BT FF L, HZERWAST
R X (F) P<0.05), FEREMIFLAR . (EE00 fili K2
J5Ti, FFF BRI T FF AL, (H2EJ T80
R (M) P>0.05), AIFRASREMN, 5E50
FF BixCAH I, FFF BB T3, DLk
FREHEAE, WD T B AL RS, AMREAR T
FRGFEP AN R, BRI mT o R 15 S RS B
FOER ALY, Wb e SR = RS, ML T —
WK B ST JRE &R AR R IR X T M g
858 Rk M FLES RMA ARG B3, FFF g0
BB ) X SR L, AR T8 2 k27
L RN TR v R N A, S TR
BRI X T R R X Bz, 5 FF AU
b, FFF 230 VMAT 76 X485 AR Jr T 3
.
MHLERRCRNKTE , ARG R BN, FFF A
LA IR FF B0 1.32 4%, (HALES H dmfa]
45550 FE AR 88.9%, KK T HE G
Y], 3% 5 Koivumiki 45 P71 fF 57 45 5 — %k,
AR FFF B g SR A, (H oA [ =2 i
Wb, R FRF A EA T = I HLAR U TR0R
Zi L frik, FFF Ml FF £ VMAT 2 Frit&i
RETE G RIGY TR, 2 Fhi-fa) i e X 50 = A A A
o1, FFF ARG K B OR3P 5 AR T FF ALK,
Je AR IRIFRCE Iy, T DIBH #E K TR 57 i
], FFF A 50 iRm0 5 47 4 DIBH AR Y7
BFIE], B8 B IRITRCRET LR, E 2R 8
H A LA Az DIBH /97, Al FFF AR 0 7E 26 2L
BRgE e ARG A S B35 H9 DIBH I BRIGYT H A i



P Bl S I 2 o 2R

2022 4F 10 A5 46 B4 10 14

Int J Radiat Med Nucl Med, October 2022, Vol.46, No.10

611

e, B TABTAAAT 16 HIEH, BHateA
fisly, ARUSEBE RIS, SRS KA

=

HATER ARSI

FFEMSE  PrAEE AR A

1EE RIS

LM TR SRR E RO RIRBe s ERNE

FIEARIGET T WKLL A SRR AT AT SRS
X2 s SRR 1 ST X R R A%

(1]

[21]

[3]

[4]

[51]

[6]

[71]

[8]

[91]

2 £ x W

Bray F, Ferlay J, Soerjomataram I, et al. 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. DOI: 10.3322/caac.21492.

Joseph B, Farooq N, Kumar S, et al. Breast-conserving
radiotherapy with simultaneous integrated boost; field-in-field
three-dimensional conformal radiotherapy versus inverse
intensity-modulated radiotherapy — a dosimetric comparison: do
we need intensity-modulated radiotherapy?[J]. South Asian J
Cancer, 2018, 7(3): 163—166. DOI: 10.4103/sajc.sajc_82 18.
Early Breast Cancer Trialists' Collaborative Group (EBCTCG).
Effect of radiotherapy after breast-conserving surgery on 10-year
recurrence and 15-year breast cancer death: meta-analysis of
individual patient data for 10 801 women in 17 randomised
trials[J]. Lancet, 2011, 378(9804): 1707—1716. DOI: 10.1016/
S0140-6736(11)61629-2.

Bartelink H, Horiot JC, Poortmans P, et al. Recurrence rates after
treatment of breast cancer with standard radiotherapy with or
without additional radiation[J]. N Engl J Med, 2001, 345(19):
1378-1387. DOLI: 10.1056/NEJM0a010874.

Abdel-Qadir H, Austin PC, Lee DS, et al. A population-based
study of cardiovascular mortality following early-stage breast
cancer[J]. JAMA Cardiol, 2017, 2(1): 88-93. DOI: 10.1001/
jamacardio.2016.3841.

Sakka M, Kunzelmann L, Metzger M, et al. Cardiac dose-
sparing effects of deep-inspiration breath-hold in left breast
IMRT more beneficial than VMAT?[J].
Strahlenther Onkol, 2017, 193(10): 800-811. DOI: 10.1007/
$00066-017-1167-0.

irradiation: is

Tang G, Earl MA, Luan S, et al. Comparing radiation treatments
using intensity-modulated beams, multiple arcs, and single
arcs[J]. Int J Radiat Oncol Biol Phys, 2010, 76(5): 1554—1562.
DOI: 10.1016/j.ijrobp.2009.04.003.

Ha B, Suh HS, Lee J, et al. Long-term results of forward
intensity-modulated radiation therapy for patients with early-
stage breast cancer[J]. Radiat Oncol J, 2013, 31(4): 191-198.
DOI: 10.3857/10j.2013.31.4.191.

Lechner W, Kragl G, Georg D. Evaluation of treatment plan

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

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.

Fu GS, Li MH, Song YX, et al. A dosimetric evaluation of
flattening filter-free volumetric modulated arc therapy in
nasopharyngeal carcinomal[J]. J Med Phys, 2014, 39(3): 150—
155. DOI: 10.4103/0971-6203.139003.

Lim TY, Dragojevi¢ I, Hoffman D, et al. Characterization of the
HalcyonTM multileaf collimator system[J/OL]. J Appl Clin Med
Phys, 2019, 20(4): 106—114[2021-11-18]. https://aapm.onlineli
brary.wiley.com/doi/10.1002/acm2.12568. DOI: 10.1002/acm2.
12568.

Spruijt KH, Dahele M, Cuijpers JP, et al. Flattening filter free vs
flattened beams for breast irradiation[J]. Int J Radiat Oncol Biol
Phys, 2013, 85(2): 506—513. DOI: 10.1016/j.ijrobp.2012.03.040.
Singla R, King S, Albuquerque K, et al. Simultaneous-integrated
boost intensity-modulated radiation therapy (SIB-IMRT) in the
treatment of early-stage left-sided breast carcinomalJ]. Med
Dosim, 2006, 31(3): 190—196. DOI: 10.1016/j.meddos.2005.11.
001.

Paddick I, Lippitz B. A simple dose gradient measurement tool
to complement the conformity index[J]. J Neurosurg, 2006, 105
Suppl: S194-201. DOI: 10.3171/5up.2006.105.7.194.

Browne P, Beaton NR, Sharma H, et al. Identifying breast cancer
patients who gain the most dosimetric benefit from deep
inspiration breath hold radiotherapy [J]. J Med Radiat Sci, 2020,
67(4): 294-301. DOI: 10.1002/jmrs.415.

XUREE, W, AH, S5, WP AR LA B AR 2 A T
TR /N SIS 988 /N e S A Ty 7 B E LD g Tt By
53/7Y7, 2019, 32(8): 707-710. DOIL: 10.3969/j.issn.1674-0904.
2019.08.009.

Liu MP, Chu L, Deng Y, et al. Advantages of stereotactic body
radiation therapy using flattening filter free techniques and active
breathing control for early-stage non-small cell lung cancer with
small lesions[J]. J Cancer Control Treat, 2019, 32(8): 707-710.
DOI: 10.3969/j.issn.1674-0904.2019.08.009.

Li CQ, Chen JH, Zhu J, et al. Plan quality comparison for
cervical carcinoma treated with Halcyon and Trilogy intensity-
modulated radiotherapy[J/OL]. J Cancer, 2019, 10(24): 6135—
6141[2021-11-18]. https://www jcancer.org/v10p6135.htm. DOI:
10.7150/jca.32500.

Mancosu P, Castiglioni S, Reggiori G, et al. Stereotactic body
radiation therapy for liver tumours using flattening filter free
beam: dosimetric and technical considerations[J/OL]. Radiat
Oncol, 2012, 7: 16[2021-11-18]. https://ro-journal.biomedcentral.
com/articles/10.1186/1748-717X-7-16. DOI: 10.1186/1748-717X-
7-16.

Fu WH, Dai JR, Hu YM, 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~


http://dx.doi.org/10.3322/caac.21492
http://dx.doi.org/10.3322/caac.21492
http://dx.doi.org/10.4103/sajc.sajc_82_18
http://dx.doi.org/10.4103/sajc.sajc_82_18
http://dx.doi.org/10.4103/sajc.sajc_82_18
http://dx.doi.org/10.1016/S0140-6736(11)61629-2
http://dx.doi.org/10.1016/S0140-6736(11)61629-2
http://dx.doi.org/10.1016/S0140-6736(11)61629-2
http://dx.doi.org/10.1056/NEJMoa010874
http://dx.doi.org/10.1056/NEJMoa010874
http://dx.doi.org/10.1001/jamacardio.2016.3841
http://dx.doi.org/10.1001/jamacardio.2016.3841
http://dx.doi.org/10.1001/jamacardio.2016.3841
http://dx.doi.org/10.1007/s00066-017-1167-0
http://dx.doi.org/10.1007/s00066-017-1167-0
http://dx.doi.org/10.1007/s00066-017-1167-0
http://dx.doi.org/10.1016/j.ijrobp.2009.04.003
http://dx.doi.org/10.1016/j.ijrobp.2009.04.003
http://dx.doi.org/10.3857/roj.2013.31.4.191
http://dx.doi.org/10.3857/roj.2013.31.4.191
http://dx.doi.org/10.1016/j.radonc.2013.09.020
http://dx.doi.org/10.1016/j.radonc.2013.09.020
http://dx.doi.org/10.4103/0971-6203.139003
http://dx.doi.org/10.4103/0971-6203.139003
https://aapm.onlinelibrary.wiley.com/doi/10.1002/acm2.12568
https://aapm.onlinelibrary.wiley.com/doi/10.1002/acm2.12568
http://dx.doi.org/10.1002/acm2.12568
http://dx.doi.org/10.1002/acm2.12568
http://dx.doi.org/10.1016/j.ijrobp.2012.03.040
http://dx.doi.org/10.1016/j.ijrobp.2012.03.040
http://dx.doi.org/10.1016/j.ijrobp.2012.03.040
http://dx.doi.org/10.1016/j.meddos.2005.11.001
http://dx.doi.org/10.1016/j.meddos.2005.11.001
http://dx.doi.org/10.1016/j.meddos.2005.11.001
http://dx.doi.org/10.1016/j.meddos.2005.11.001
http://dx.doi.org/10.3171/sup.2006.105.7.194
http://dx.doi.org/10.1002/jmrs.415
http://dx.doi.org/10.1002/jmrs.415
http://dx.doi.org/10.3969/j.issn.1674-0904.2019.08.009
http://dx.doi.org/10.3969/j.issn.1674-0904.2019.08.009
http://dx.doi.org/10.3969/j.issn.1674-0904.2019.08.009
http://dx.doi.org/10.3969/j.issn.1674-0904.2019.08.009
http://dx.doi.org/10.3969/j.issn.1674-0904.2019.08.009
http://dx.doi.org/10.3969/j.issn.1674-0904.2019.08.009
https://www.jcancer.org/v10p6135.htm
http://dx.doi.org/10.7150/jca.32500
https://ro-journal.biomedcentral.com/articles/10.1186/1748-717X-7-16
https://ro-journal.biomedcentral.com/articles/10.1186/1748-717X-7-16
http://dx.doi.org/10.1186/1748-717X-7-16
http://dx.doi.org/10.1186/1748-717X-7-16
http://dx.doi.org/10.1088/0031-9155/49/8/011
http://dx.doi.org/10.3322/caac.21492
http://dx.doi.org/10.3322/caac.21492
http://dx.doi.org/10.4103/sajc.sajc_82_18
http://dx.doi.org/10.4103/sajc.sajc_82_18
http://dx.doi.org/10.4103/sajc.sajc_82_18
http://dx.doi.org/10.1016/S0140-6736(11)61629-2
http://dx.doi.org/10.1016/S0140-6736(11)61629-2
http://dx.doi.org/10.1016/S0140-6736(11)61629-2
http://dx.doi.org/10.1056/NEJMoa010874
http://dx.doi.org/10.1056/NEJMoa010874
http://dx.doi.org/10.1001/jamacardio.2016.3841
http://dx.doi.org/10.1001/jamacardio.2016.3841
http://dx.doi.org/10.1001/jamacardio.2016.3841
http://dx.doi.org/10.1007/s00066-017-1167-0
http://dx.doi.org/10.1007/s00066-017-1167-0
http://dx.doi.org/10.1007/s00066-017-1167-0
http://dx.doi.org/10.1016/j.ijrobp.2009.04.003
http://dx.doi.org/10.1016/j.ijrobp.2009.04.003
http://dx.doi.org/10.3857/roj.2013.31.4.191
http://dx.doi.org/10.3857/roj.2013.31.4.191
http://dx.doi.org/10.1016/j.radonc.2013.09.020
http://dx.doi.org/10.1016/j.radonc.2013.09.020
http://dx.doi.org/10.4103/0971-6203.139003
http://dx.doi.org/10.4103/0971-6203.139003
https://aapm.onlinelibrary.wiley.com/doi/10.1002/acm2.12568
https://aapm.onlinelibrary.wiley.com/doi/10.1002/acm2.12568
http://dx.doi.org/10.1002/acm2.12568
http://dx.doi.org/10.1002/acm2.12568
http://dx.doi.org/10.1016/j.ijrobp.2012.03.040
http://dx.doi.org/10.1016/j.ijrobp.2012.03.040
http://dx.doi.org/10.1016/j.ijrobp.2012.03.040
http://dx.doi.org/10.1016/j.meddos.2005.11.001
http://dx.doi.org/10.1016/j.meddos.2005.11.001
http://dx.doi.org/10.1016/j.meddos.2005.11.001
http://dx.doi.org/10.1016/j.meddos.2005.11.001
http://dx.doi.org/10.3171/sup.2006.105.7.194
http://dx.doi.org/10.1002/jmrs.415
http://dx.doi.org/10.1002/jmrs.415
http://dx.doi.org/10.3969/j.issn.1674-0904.2019.08.009
http://dx.doi.org/10.3969/j.issn.1674-0904.2019.08.009
http://dx.doi.org/10.3969/j.issn.1674-0904.2019.08.009
http://dx.doi.org/10.3969/j.issn.1674-0904.2019.08.009
http://dx.doi.org/10.3969/j.issn.1674-0904.2019.08.009
http://dx.doi.org/10.3969/j.issn.1674-0904.2019.08.009
https://www.jcancer.org/v10p6135.htm
http://dx.doi.org/10.7150/jca.32500
https://ro-journal.biomedcentral.com/articles/10.1186/1748-717X-7-16
https://ro-journal.biomedcentral.com/articles/10.1186/1748-717X-7-16
http://dx.doi.org/10.1186/1748-717X-7-16
http://dx.doi.org/10.1186/1748-717X-7-16
http://dx.doi.org/10.1088/0031-9155/49/8/011
http://dx.doi.org/10.3322/caac.21492
http://dx.doi.org/10.3322/caac.21492
http://dx.doi.org/10.4103/sajc.sajc_82_18
http://dx.doi.org/10.4103/sajc.sajc_82_18
http://dx.doi.org/10.4103/sajc.sajc_82_18
http://dx.doi.org/10.1016/S0140-6736(11)61629-2
http://dx.doi.org/10.1016/S0140-6736(11)61629-2
http://dx.doi.org/10.1016/S0140-6736(11)61629-2
http://dx.doi.org/10.1056/NEJMoa010874
http://dx.doi.org/10.1056/NEJMoa010874
http://dx.doi.org/10.1001/jamacardio.2016.3841
http://dx.doi.org/10.1001/jamacardio.2016.3841
http://dx.doi.org/10.1001/jamacardio.2016.3841
http://dx.doi.org/10.1007/s00066-017-1167-0
http://dx.doi.org/10.1007/s00066-017-1167-0
http://dx.doi.org/10.1007/s00066-017-1167-0
http://dx.doi.org/10.1016/j.ijrobp.2009.04.003
http://dx.doi.org/10.1016/j.ijrobp.2009.04.003
http://dx.doi.org/10.3857/roj.2013.31.4.191
http://dx.doi.org/10.3857/roj.2013.31.4.191
http://dx.doi.org/10.1016/j.radonc.2013.09.020
http://dx.doi.org/10.1016/j.radonc.2013.09.020
http://dx.doi.org/10.4103/0971-6203.139003
http://dx.doi.org/10.4103/0971-6203.139003
https://aapm.onlinelibrary.wiley.com/doi/10.1002/acm2.12568
https://aapm.onlinelibrary.wiley.com/doi/10.1002/acm2.12568
http://dx.doi.org/10.1002/acm2.12568
http://dx.doi.org/10.1002/acm2.12568
http://dx.doi.org/10.1016/j.ijrobp.2012.03.040
http://dx.doi.org/10.1016/j.ijrobp.2012.03.040
http://dx.doi.org/10.1016/j.ijrobp.2012.03.040
http://dx.doi.org/10.1016/j.meddos.2005.11.001
http://dx.doi.org/10.1016/j.meddos.2005.11.001
http://dx.doi.org/10.1016/j.meddos.2005.11.001
http://dx.doi.org/10.1016/j.meddos.2005.11.001
http://dx.doi.org/10.3171/sup.2006.105.7.194
http://dx.doi.org/10.1002/jmrs.415
http://dx.doi.org/10.1002/jmrs.415
http://dx.doi.org/10.3969/j.issn.1674-0904.2019.08.009
http://dx.doi.org/10.3969/j.issn.1674-0904.2019.08.009
http://dx.doi.org/10.3969/j.issn.1674-0904.2019.08.009
http://dx.doi.org/10.3969/j.issn.1674-0904.2019.08.009
http://dx.doi.org/10.3969/j.issn.1674-0904.2019.08.009
http://dx.doi.org/10.3969/j.issn.1674-0904.2019.08.009
https://www.jcancer.org/v10p6135.htm
http://dx.doi.org/10.7150/jca.32500
https://ro-journal.biomedcentral.com/articles/10.1186/1748-717X-7-16
https://ro-journal.biomedcentral.com/articles/10.1186/1748-717X-7-16
http://dx.doi.org/10.1186/1748-717X-7-16
http://dx.doi.org/10.1186/1748-717X-7-16
http://dx.doi.org/10.1088/0031-9155/49/8/011
http://dx.doi.org/10.3322/caac.21492
http://dx.doi.org/10.3322/caac.21492
http://dx.doi.org/10.4103/sajc.sajc_82_18
http://dx.doi.org/10.4103/sajc.sajc_82_18
http://dx.doi.org/10.4103/sajc.sajc_82_18
http://dx.doi.org/10.1016/S0140-6736(11)61629-2
http://dx.doi.org/10.1016/S0140-6736(11)61629-2
http://dx.doi.org/10.1016/S0140-6736(11)61629-2
http://dx.doi.org/10.1056/NEJMoa010874
http://dx.doi.org/10.1056/NEJMoa010874
http://dx.doi.org/10.1001/jamacardio.2016.3841
http://dx.doi.org/10.1001/jamacardio.2016.3841
http://dx.doi.org/10.1001/jamacardio.2016.3841
http://dx.doi.org/10.1007/s00066-017-1167-0
http://dx.doi.org/10.1007/s00066-017-1167-0
http://dx.doi.org/10.1007/s00066-017-1167-0
http://dx.doi.org/10.1016/j.ijrobp.2009.04.003
http://dx.doi.org/10.1016/j.ijrobp.2009.04.003
http://dx.doi.org/10.3857/roj.2013.31.4.191
http://dx.doi.org/10.3857/roj.2013.31.4.191
http://dx.doi.org/10.1016/j.radonc.2013.09.020
http://dx.doi.org/10.1016/j.radonc.2013.09.020
http://dx.doi.org/10.4103/0971-6203.139003
http://dx.doi.org/10.4103/0971-6203.139003
https://aapm.onlinelibrary.wiley.com/doi/10.1002/acm2.12568
https://aapm.onlinelibrary.wiley.com/doi/10.1002/acm2.12568
http://dx.doi.org/10.1002/acm2.12568
http://dx.doi.org/10.1002/acm2.12568
http://dx.doi.org/10.1016/j.ijrobp.2012.03.040
http://dx.doi.org/10.1016/j.ijrobp.2012.03.040
http://dx.doi.org/10.1016/j.ijrobp.2012.03.040
http://dx.doi.org/10.1016/j.meddos.2005.11.001
http://dx.doi.org/10.1016/j.meddos.2005.11.001
http://dx.doi.org/10.1016/j.meddos.2005.11.001
http://dx.doi.org/10.1016/j.meddos.2005.11.001
http://dx.doi.org/10.3171/sup.2006.105.7.194
http://dx.doi.org/10.1002/jmrs.415
http://dx.doi.org/10.1002/jmrs.415
http://dx.doi.org/10.3969/j.issn.1674-0904.2019.08.009
http://dx.doi.org/10.3969/j.issn.1674-0904.2019.08.009
http://dx.doi.org/10.3969/j.issn.1674-0904.2019.08.009
http://dx.doi.org/10.3969/j.issn.1674-0904.2019.08.009
http://dx.doi.org/10.3969/j.issn.1674-0904.2019.08.009
http://dx.doi.org/10.3969/j.issn.1674-0904.2019.08.009
https://www.jcancer.org/v10p6135.htm
http://dx.doi.org/10.7150/jca.32500
https://ro-journal.biomedcentral.com/articles/10.1186/1748-717X-7-16
https://ro-journal.biomedcentral.com/articles/10.1186/1748-717X-7-16
http://dx.doi.org/10.1186/1748-717X-7-16
http://dx.doi.org/10.1186/1748-717X-7-16
http://dx.doi.org/10.1088/0031-9155/49/8/011

612 FE BRI B 2 e 247 2022 4F 10 45 46 %55 10 1 Int J Radiat Med Nucl Med, October 2022, Vol.46, No.10
1547. DOI: 10.1088/0031-9155/49/8/011. radiosurgery for brain tumors[J]. Chin J Radiat Oncol, 2020,

[20] #5ebk, WS, JEHifs, 5. B4 FFF 5 FF BXF VMAT 29(1): 39—42. DOI: 10.3760/cma.j.issn.1004-4221.2020.01.009.
PRI 2 Fe A (0], v AR iR 2% 225, 2018, 27(4): 401 [24] Pokhrel D, Halfman M, Sanford L. FFF-VMAT for SBRT of
405. DOL: 10.3760/cma.j.issn.1004-4221.2018.04.014. lung lesions: improves dose coverage at tumor-lung interface
He XT, Tan JW, Long YS, et al. Comparison of dosimetric compared to flattened beams[J]. J Appl Clin Med Phys, 2020,
characteristics between flattening-filter-free and flattening filter 21(1): 26-35. DOI: 10.1002/acm2.12764.
mode VMAT plans in nasopharyngeal carcinomalJ]. Chin J (251 akHTK, Fih. HeT 5 IRt 968 i 390 B R T R et 2R AR R
Radiat Oncol, 2018, 27(4): 401-405. DOI: 10.3760/cma.j.issn. 1) 2 Fh S ASIE LI B4R (T, PR s dle (R
1004-4221.2018.04.014. 2021, 46(6): 615-619. DOIL: 10.11817/j.issn.1672-7347.2021.

[21] DLrd, SR, BEF, 5. 2 FUEA S T ToH g 200515.
AN 2= B L], o [ B2 24 2%k, 2021, 38(3): Zhang JY, Peng X. Comparison of 2 dynamic conformal arc
281-286. DOI: 10.3969/j.issn.1005-202X.2021.03.003. plans based on high-dose rate flattening filter free beams for
Luo HY, Zhou JL, Shan GP, et al. Dosimetric advantages of peripheral lung cancer[J]. J Cent South Univ: Med Sci, 2021,
postoperative radiotherapy in flattening filter-free mode for left- 46(6): 615-619. DOI: 10.11817/j.issn.1672-7347.2021.200515.
sided breast cancer[J]. Chin J Med Phys, 2021, 38(3): 281-286. [26] SRAAN, 5KIEAK, TR, . B 6 T Ae IR 58
DOI: 10.3969/j.issn.1005-202X.2021.03.003. TCPE B 370 2 A PEA (0] v [ R 22 W B 24 2R AR, 2017, 34(11):

[22] Lai YQ, Chen YY, Wu SG, et al. Modified volumetric 1086—1090. DOI: 10.3969/j.issn.1005-202X.2017.11.002.
modulated arc therapy in left sided breast cancer after radical Wu LL, Zhang JY, Huang BT, et al. Evaluation of intensity-
mastectomy with flattening filter free versus flattened beams[J]. modulated radiotherapy using flattening filter free photon beams
Medicine (Baltimore), 2016, 95(14): €3295. DOI: 10.1097/MD. for patients with breast cancer[J]. Chin J Med Phys, 2017,
0000000000003295. 34(11): 1086—1090. DOI: 10.3969/j.issn.1005-202X.2017.11.002.

[23] Z=EAS, XN, A7 g, 5. B Mived Sz A4 i MR 6y [27] Koivumiki T, Heikkild J, Védénénen A, et al. Flattening filter free
A B 2E F A (T, A R 24 2k 7, 2020, 29(1): technique in breath-hold treatments of left-sided breast cancer:
39-42. DOI: 10.3760/cma.j.issn.1004-4221.2020.01.009. the effect on beam-on time and dose distributions[J]. Radiother
Li DJ, Liu R, Yang CL, et al. Dosimetric comparison between Oncol, 2016, 118(1): 194—198. DOI: 10.1016/j.radonc.2015.11.
non-coplanar volumetric modulated arc therapy using flattening 032.
filter and flattening filter-free beams during stereotactic (ke HB: 2021-11-19)

G R G G R G G S R G G S R G G S R I G S R I G I I I I I I IR I I IR I I IR I I IR I I I IR I I I I IR IR IGIG IR IR IR IS

XTI BHER

1. RS R LAVRERS | T I B i T SR SR v B B R E N . — R RE

B - AR - G

IF RIS S RN AR, AR

AELE EARSEEIER, REAHSREATS . P IUEE — BN 20 NUT . — BN RIS o B s, i
BRI 5 A TT; SE S A TR FSARFERSCTHEEN RIS, DURIX S

2. FBA TR AT B Tk s QR ] ANl R . 5145 DR AR A M A AR g . AT USSR, AR
H B IR RN W T TR 81 1Y o AL R AR SO A48 RO

##H

3. ORISR o A BIVERAE— DR H NS 2RO, SRmE,
AR SR, T SN AR A JE ()7 BN )T (SR, IR A A B A AL T CORSE TR L),
e

W EERALTE “(58)7
4. BESCRAA 5 SO 5 L—E

WIEE O, IS S A R

AT FRiEH


http://dx.doi.org/10.1088/0031-9155/49/8/011
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3969/j.issn.1005-202X.2021.03.003
http://dx.doi.org/10.3969/j.issn.1005-202X.2021.03.003
http://dx.doi.org/10.3969/j.issn.1005-202X.2021.03.003
http://dx.doi.org/10.3969/j.issn.1005-202X.2021.03.003
http://dx.doi.org/10.1097/MD.0000000000003295
http://dx.doi.org/10.1097/MD.0000000000003295
http://dx.doi.org/10.1097/MD.0000000000003295
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2020.01.009
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2020.01.009
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2020.01.009
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2020.01.009
http://dx.doi.org/10.1002/acm2.12764
http://dx.doi.org/10.1002/acm2.12764
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.3969/j.issn.1005-202X.2017.11.002
http://dx.doi.org/10.3969/j.issn.1005-202X.2017.11.002
http://dx.doi.org/10.3969/j.issn.1005-202X.2017.11.002
http://dx.doi.org/10.3969/j.issn.1005-202X.2017.11.002
http://dx.doi.org/10.1016/j.radonc.2015.11.032
http://dx.doi.org/10.1016/j.radonc.2015.11.032
http://dx.doi.org/10.1016/j.radonc.2015.11.032
http://dx.doi.org/10.1016/j.radonc.2015.11.032
http://dx.doi.org/10.1088/0031-9155/49/8/011
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3969/j.issn.1005-202X.2021.03.003
http://dx.doi.org/10.3969/j.issn.1005-202X.2021.03.003
http://dx.doi.org/10.3969/j.issn.1005-202X.2021.03.003
http://dx.doi.org/10.3969/j.issn.1005-202X.2021.03.003
http://dx.doi.org/10.1097/MD.0000000000003295
http://dx.doi.org/10.1097/MD.0000000000003295
http://dx.doi.org/10.1097/MD.0000000000003295
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2020.01.009
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2020.01.009
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2020.01.009
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2020.01.009
http://dx.doi.org/10.1002/acm2.12764
http://dx.doi.org/10.1002/acm2.12764
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.3969/j.issn.1005-202X.2017.11.002
http://dx.doi.org/10.3969/j.issn.1005-202X.2017.11.002
http://dx.doi.org/10.3969/j.issn.1005-202X.2017.11.002
http://dx.doi.org/10.3969/j.issn.1005-202X.2017.11.002
http://dx.doi.org/10.1016/j.radonc.2015.11.032
http://dx.doi.org/10.1016/j.radonc.2015.11.032
http://dx.doi.org/10.1016/j.radonc.2015.11.032
http://dx.doi.org/10.1016/j.radonc.2015.11.032
http://dx.doi.org/10.1088/0031-9155/49/8/011
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3969/j.issn.1005-202X.2021.03.003
http://dx.doi.org/10.3969/j.issn.1005-202X.2021.03.003
http://dx.doi.org/10.3969/j.issn.1005-202X.2021.03.003
http://dx.doi.org/10.3969/j.issn.1005-202X.2021.03.003
http://dx.doi.org/10.1097/MD.0000000000003295
http://dx.doi.org/10.1097/MD.0000000000003295
http://dx.doi.org/10.1097/MD.0000000000003295
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2020.01.009
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2020.01.009
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2020.01.009
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2020.01.009
http://dx.doi.org/10.1002/acm2.12764
http://dx.doi.org/10.1002/acm2.12764
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.3969/j.issn.1005-202X.2017.11.002
http://dx.doi.org/10.3969/j.issn.1005-202X.2017.11.002
http://dx.doi.org/10.3969/j.issn.1005-202X.2017.11.002
http://dx.doi.org/10.3969/j.issn.1005-202X.2017.11.002
http://dx.doi.org/10.1016/j.radonc.2015.11.032
http://dx.doi.org/10.1016/j.radonc.2015.11.032
http://dx.doi.org/10.1016/j.radonc.2015.11.032
http://dx.doi.org/10.1016/j.radonc.2015.11.032
http://dx.doi.org/10.1088/0031-9155/49/8/011
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3969/j.issn.1005-202X.2021.03.003
http://dx.doi.org/10.3969/j.issn.1005-202X.2021.03.003
http://dx.doi.org/10.3969/j.issn.1005-202X.2021.03.003
http://dx.doi.org/10.3969/j.issn.1005-202X.2021.03.003
http://dx.doi.org/10.1097/MD.0000000000003295
http://dx.doi.org/10.1097/MD.0000000000003295
http://dx.doi.org/10.1097/MD.0000000000003295
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2020.01.009
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2020.01.009
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2020.01.009
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2020.01.009
http://dx.doi.org/10.1002/acm2.12764
http://dx.doi.org/10.1002/acm2.12764
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.3969/j.issn.1005-202X.2017.11.002
http://dx.doi.org/10.3969/j.issn.1005-202X.2017.11.002
http://dx.doi.org/10.3969/j.issn.1005-202X.2017.11.002
http://dx.doi.org/10.3969/j.issn.1005-202X.2017.11.002
http://dx.doi.org/10.1016/j.radonc.2015.11.032
http://dx.doi.org/10.1016/j.radonc.2015.11.032
http://dx.doi.org/10.1016/j.radonc.2015.11.032
http://dx.doi.org/10.1016/j.radonc.2015.11.032
http://dx.doi.org/10.1088/0031-9155/49/8/011
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3969/j.issn.1005-202X.2021.03.003
http://dx.doi.org/10.3969/j.issn.1005-202X.2021.03.003
http://dx.doi.org/10.3969/j.issn.1005-202X.2021.03.003
http://dx.doi.org/10.3969/j.issn.1005-202X.2021.03.003
http://dx.doi.org/10.1097/MD.0000000000003295
http://dx.doi.org/10.1097/MD.0000000000003295
http://dx.doi.org/10.1097/MD.0000000000003295
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2020.01.009
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2020.01.009
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2020.01.009
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2020.01.009
http://dx.doi.org/10.1002/acm2.12764
http://dx.doi.org/10.1002/acm2.12764
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.3969/j.issn.1005-202X.2017.11.002
http://dx.doi.org/10.3969/j.issn.1005-202X.2017.11.002
http://dx.doi.org/10.3969/j.issn.1005-202X.2017.11.002
http://dx.doi.org/10.3969/j.issn.1005-202X.2017.11.002
http://dx.doi.org/10.1016/j.radonc.2015.11.032
http://dx.doi.org/10.1016/j.radonc.2015.11.032
http://dx.doi.org/10.1016/j.radonc.2015.11.032
http://dx.doi.org/10.1016/j.radonc.2015.11.032
http://dx.doi.org/10.1088/0031-9155/49/8/011
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2018.04.014
http://dx.doi.org/10.3969/j.issn.1005-202X.2021.03.003
http://dx.doi.org/10.3969/j.issn.1005-202X.2021.03.003
http://dx.doi.org/10.3969/j.issn.1005-202X.2021.03.003
http://dx.doi.org/10.3969/j.issn.1005-202X.2021.03.003
http://dx.doi.org/10.1097/MD.0000000000003295
http://dx.doi.org/10.1097/MD.0000000000003295
http://dx.doi.org/10.1097/MD.0000000000003295
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2020.01.009
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2020.01.009
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2020.01.009
http://dx.doi.org/10.3760/cma.j.issn.1004-4221.2020.01.009
http://dx.doi.org/10.1002/acm2.12764
http://dx.doi.org/10.1002/acm2.12764
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.11817/j.issn.1672-7347.2021.200515
http://dx.doi.org/10.3969/j.issn.1005-202X.2017.11.002
http://dx.doi.org/10.3969/j.issn.1005-202X.2017.11.002
http://dx.doi.org/10.3969/j.issn.1005-202X.2017.11.002
http://dx.doi.org/10.3969/j.issn.1005-202X.2017.11.002
http://dx.doi.org/10.1016/j.radonc.2015.11.032
http://dx.doi.org/10.1016/j.radonc.2015.11.032
http://dx.doi.org/10.1016/j.radonc.2015.11.032
http://dx.doi.org/10.1016/j.radonc.2015.11.032

	1 资料与方法
	1.1 一般资料
	1.2 CT定位
	1.3 靶区以及危及器官的勾画
	1.4 计划设计
	1.5 计划评估
	1.6 统计学方法

	2 结果
	2.1 DVH和等剂量曲线分布比较
	2.2 靶区剂量及机器参数比较
	2.3 危及器官的受照剂量比较

	3 讨论
	参考文献

