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Dosimetric analysis of dynamic and static IMRT in flattening filter free mode for left—sided

early—stage breast cancer conserving surgery
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[ Abstract]  Objective To compare the dosimetric differences between dynamic intensity-modulated radiotherapy
(dIMRT) and static intensity—modulated radiation therapy (sIMRT) with varying minimum segment area (MSA) parameters, using
6 MV flattening filter—free (FFF) photon beams for left-sided early—stage breast cancer patients after breast—conserving surgery.
Methods A retrospective study was conducted using clinical imaging and treatment data from twelve female patients with left—
sided early—stage breast cancer, who were treated at the Third People’s Hospital of Bengbu from March 2024 to March 2025. Each
patient received dIMRT and sSIMRT(MSA values of 0.3, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, and 10.0 cm? were applied) plans in FFF mode
using treatment planning system of United Imaging. The prescription dose was 50 Gy, delivered at 2 Gy per time, 5 times per week.

Plan comparisons included the dose distribution in the target volume, dose to organs at risk (OARs), skin dose (skin 0 ~ 2, skin2 ~ 5,
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skin 5 ~ 8), plan efficiency [monitor units (MUs), delivery time], and gamma passing rates (1 mm/1% criteria). Results dIMRT
demonstrated slightly superior target coverage (V,, D__ . HI) and significantly improved V, ~and D compared to SIMRT (£<0.05).

of skin doses were reduced in dIMRT (P >0.05). Although

The D of heart was significantly lower in dIMRT (P<0.05). The D__
dIMRT required higher MUs, it reduced delivery time by 25% (P <0.05). y passing rates under 1 mm/1% criteria were marginally
lower for dIMRT (MSA < 5.0 cm?, P<0.05). Conclusion For early—stage left—sided breast cancer patients receiving IMRT after
breast—conserving surgery under the FFF mode on the United Imaging platform, dIMRT demonstrates superiority over sIMRT

in terms of target dose distribution, dose sparing of OARs, and delivery efficiency. It is therefore recommended that dIMRT be

preferentially considered for treatment planning under similar equipment and clinical conditions.
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communications in medicine, DICOM ) #& =X, 1% 3¢ {4
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(Heart ) . IR 3l ik 22 i % 52 (left anterior descending
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TR PTV x% R FRIEAZ (70 i, HI(E 8% T 018 W HE
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(2) ROIVF fili Z ¥ &£ Wi B9 V v V0 V.
D .. filili. AFLIR. O, LAD, skin 0 ~ 2, skin 2 ~
5L M skin5 ~ 81D .
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G T I TA] (2 3 55 PR BRAT 7807 B9 B 1), A4
FEHLR G i R] ) o
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Y5 TR TR I 5 A v A S R T A 5 S A
A, i85 myQA patients X #4556 UE TR A y i8R
HEAT A M. A TR ER AT 1 mm/1% A1 3 mm/3%.
1.3 HitEFHE
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FHAE 2 %1 Wilcoxon Bk A 35, Sy sk 20 B BH M 4 &
e, RFHSETR & B (false discovery rate, FDR ) ¢ 1F
X AW Y i AT AL LA P S iE AT CIE . 4 FDR
KIEJ5 ) PAE <0.059IA 0 25 7 HA Ge it 2 3L

2 &R
2.1 HXFIELLE

dIMRT 5 A [i] MSA Z: 48 sIMRT i # [X 5] i °7
SR IR 1. th& 1A, dIMRTH) V. HI¥

WL T sSIMRT, 2% HA G228 X (P<0.05) ;
dIMRTHV, . D HABBAH, 25 B A5
= (P<0.05) . dIMRTY sIMRT (% CIAH L, 225
TGt FE L (P>0.05) . AA MSAZHH sSIMRT
fV,.D D . CI H%l&%¥ZS5HE5 K
K, TMiMSA K 3.0 ~ 5.0 cm*Hf SIMRT 9 Vv, B B AL T
H Al MSA Z 21 (1) sIMRT ., 4 I&] 2 B 7, ok ) f8 3
dIMRT 5 sIMRT-MSA1.03+ %1 14 7 & 73 #ii € %} 1,

X b & B dIMRT 7 5 757 12 XA 30 i

®1 dIMRT 5ARFE MSAZH T sIMRT L X FIHESHILE (X +5)
4151 Vs (%) Vi (%) D (%) D . (Gy) CI HI

dIMRT 99.91 + 0.05 6.98 + 3.53 54.82 +0.32 51.81 = 0.10 0.88 + 0.02 0.08 + 0.01
MSA 0.3 99.85 + 0.07" 10.42 + 3.89° 55.34 + 0.46° 51.94 +0.12° 0.72 + 0.02 0.09 + 0.01"
MSA 1.0 99.84 + 0.07° 10.49 + 4.30° 55.37 + 047 51.95 +0.13° 0.87 £ 0.02 0.09 + 0.01"
MSA 2.0 99.85 + 0.07° 10.64 + 4.62° 5545 £ 0.67° 51.96 + 0.14" 0.87 + 0.02 0.09 £ 0.01"
MSA 3.0 99.84 + 0.07" 10.02 + 3.86" 55.41 + 0.56" 51.94 +0.13" 0.87 £ 0.02 0.09 + 0.01"
MSA 4.0 99.84 + 0.08" 10.15 + 3.77° 5543 +0.41° 51.93 +0.12° 0.87 £ 0.02 0.09 + 0.01"
MSA 5.0 99.85 £ 0.07° 10.20 + 4.20° 55.44 £ 0.52° 51.94 + 0.14" 0.87 + 0.02 0.09 £ 0.01"
MSA 6.0 99.84 + 0.07" 10.84 + 4.06 55.33 + 047" 51.96 + 0.13" 0.87 £ 0.02 0.09 £ 0.01"
MSA 8.0 99.85 + 0.07" 10.83 + 4.52° 55.52 + 0.59° 51.96 + 0.16 0.87 + 0.02 0.09 + 0.01"
MSA 10.0 99.83 + 0.08" 10.75 + 4.39" 55.51 £ 0.48" 51.96 + 0.14" 0.87 +0.02 0.09 £ 0.01"
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mean
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Ho A5 g AIMRT 5 sIMRT-MSA 1.0 H5] 114 51 & 43 4 (8] % L

MSA S SIMRT, 25 BA G L (P<005) ;
dIMRT skin 0 ~2. skin 2 ~5. skin 5~8/) D _ 3 It
SIMRTiX 2 4 ¢Gy, 2R TSI L (P>0.05) . W
B 301, R ) B # dIMRT 5 SIMRT-MSA1.011 %
(55 i AR L /& ((dose and volume histogram, DVH ) X}
o, BRI, dIMRT #9 OARs FIH AL,
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%2 dJdIMRT 5 A MSAZE T sIMRT ) ROLF| =S ELE (x +5)

Lung_R Breast_R
4151

V,, (%) V,, (%) V, (%) D_.. (cGy) D_.. (cGy) D_.. (cGy)
dIMRT 13.90 + 4.13 20.82 £5.12 41.08 £ 7.25 1027.18 + 207.34 56.79 + 33.19 163.15 = 50.00
MSA 0.3 13.89 + 4.11 21.03 £5.70 41.11 + 7.41 1041.65 + 218.29 54.88 + 33.33 165.52 + 53.28
MSA 1.0 13.88 +4.13 20.98 + 5.66 41.17 £ 7.42 1042.30 + 219.29 55.39 £ 32.99 165.86 + 53.61
MSA 2.0 13.87 £ 4.11 20.99 = 5.59 41.17 = 7.40 1042.31 + 217.56 55.43 £ 33.00 165.67 + 53.25
MSA 3.0 13.90 = 4.11 20.99 + 5.56 41.10 = 7.44 1041.65 + 218.29 55.47 £ 32.00 165.95 + 53.64
MSA 4.0 13.87 £ 4.13 2091 = 5.57 41.09 = 7.42 1040.31 + 218.44 55.50 £ 33.05 165.16 = 51.53
MSA 5.0 13.89 + 4.16 21.01 £ 5.68 41.10 = 7.45 1041.70 = 220.31 55.68 + 33.85 164.23 + 52.06
MSA 6.0 13.95 £ 4.10 21.05 = 5.61 41.10 = 7.42 1043.87 + 218.65 55.59 £33.23 165.25 + 52.67
MSA 8.0 13.88 +4.13 20.97 +5.63 41.18 = 7.38 1042.92 + 218.71 55.35 £ 33.50 164.21 + 50.85
MSA 10.0 13.88 + 4.15 21.00 = 5.76 41.07 = 7.53 1042.49 + 222.97 55.31 +33.67 163.79 + 50.40

Heart LAD Skin 0 ~2 Skin 2 ~5 Skin 5 ~ 8
4531
D .. (cGy) D,_.. (cGy) D, .. (cGy) D, (cGy) D, (cGy)

dIMRT 568.06 + 105.98 2 419.08 + 740.22 143.99 + 26.76 170.65 + 26.92 176.57 + 25.47

MSA 0.3 582.56 + 115.94" 2 529.99 + 241.05 147.80 + 29.86 174.70 + 26.93 181.22 £ 25.96

MSA 1.0 585.52 + 116.38" 2 525.07 + 834.12 147.82 + 30.16 174.68 + 26.83 181.22 + 25.99

MSA 2.0 585.74 + 114.87" 2 565.04 + 819.14 147.53 = 30.30 174.37 + 26.82 180.94 + 26.02

MSA 3.0 585.85 + 115.81" 2 556.57 = 800.10 147.44 = 30.39 174.20 = 26.74 180.76 = 25.92

MSA 4.0 584.85 + 116.54" 2 537.56 + 802.63 147.35 = 30.25 174.04 + 26.73 180.40 = 25.89

MSA 5.0 583.42 + 116.59" 2 546.21 + 818.99 147.11 + 30.27 173.72 + 26.69 180.30 + 25.86

MSA 6.0 583.73 + 113.94" 2 548.21 + 833.70 147.29 +29.91 174.05 + 26.21 180.61 + 25.22

MSA 8.0 585.41 + 114.69" 2 566.30 + 810.44 147.25 = 30.30 173.99 + 26.49 176.57 £ 25.47

MSA 10.0 586.66 + 115.80" 2 570.30 + 834.34 147.33 + 30.53 174.00 + 26.67 180.62 + 25.76

. dIMRT 383 ; MSA N /N B 1 B sIMRT #0758 ; Lung LA ZEJifi; Lung R A7 Jili; Breast R 47 FL#; Heart
9 E; LAD AR S K ZERTFE 525 Skin 0 ~ 202 F 0 ~ 2 mm FRRES BEK 25 PTVARY 1 em; Skin 2 ~ 5K F2 ~ 5 mmwﬂ”r“uja

FPTVAM 1 em; Skin 5 ~ 8 W F 5 ~ 8 mmERARAE BRI 25 PTVAM 1 em; V2830 Gy T 5 IR B v, 0 20 Gy I 5 IR AL
5 Gy i IR D, P85

B3 HplfE dIMRT 5 sIMRT-MSA1.0i1 %] DVH

Xf L

mean

H: DVH AR AR E T E,

*FIR 5 dIMRT 41 3#17

dIMRT
---- MSAl

T HECHT

2 FDR AL IE J5 9 P{H <0.05,

2.3 BITHESHEE
dIMRT 5 AN [A] MSAZ: $8 T sIMRTI(¥ iG 57 #H

KZEL R 3T R, £ A, dIMRT AY MU

N 826.57 B & H sIMRT & 2 200, 4% 1M

RITHI A T2 25%, 2R BAZRIT¥E X

(P<0.05) o >R HIHLAE M B2 VA % 2 B 5 90 Gk 5

B, 7E 3 mm/3% PP bR AE T,
JE I PR SR M AE 1T mm/1% P 3]

R KT 98%, il
FrfE T, sSIMRTHH & 8 T dIMRT, H MSA<S5 cm?
iy, ZREAFSIT

120431 R Ay i

FEX (P<0.05)
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%3 dIMRT 5[ MSA 23T sIMRT (G897

MRS
g3 MU RIT ﬁ 1 m1f4?ﬂ?¥ﬂﬁ‘(ﬁ?
(min ) By & (%)

dIMRT 82657 = 111.14 254 +0.17 72.65 = 10.46
MSA 0.3 626.14 + 54.10°  3.59 + 0.32" 80.33 + 8.65°
MSA 1.0 625.05 + 56.20° 3.59 + 0.35" 79.15 + 9.34"
MSA20 62443 £51.30° 3.53 028" 78.77 = 8.86°
MSA 3.0 626.35 + 54.75" 3.52 +0.29" 78.64 + 9.68"
MSA 4.0 62578 +52.19° 3.52 + 0.29" 7831 +9.71°
MSA 5.0 628.61 +50.67° 3.54 +0.29* 78.35 = 10.05"
MSA 6.0 628.86 = 54.51°  3.55 + 0.30" 77.66 = 10.40
MSA 8.0 62631 51.00° 3.55 + 0.30" 77.41 +9.97
MSA 10.0  629.90 + 46.03° 3.54 + 0.31* 77.45  10.05

. dIMRT 9 3 25 8 38 ; MSA b fit /N 7 BF 1 #1; sSIMRT
R, MUKMLER A "% 5 dAIMRT A HE1T LLES T, 48
FDR#1E )5 %) P H <0.05,

3 itig

LR DR LA S Bl BT, AN RE A B R AR
JiJe Jy R A2 A %, HL AT A B s R o L AMIE
C By B FL R v T i ik Uy 2, R FLIR R
JE BT BB A AR AN W AR i, O O T A 1 O
KAE H g S, R R S P A S O I A
P 000 L TR PR KRR AR A Do) D R S P R A
A, TR R A0 9T OE B & AR 5 OARs 1T
ORI A R 1

FHAE T 15 58 FEAR X, FRFEF o 0 7] 25 R Rk 4
i, AE G T R = A TR B AL Sk T S R D,
AR TR IE R AL, sl 58 575748 i — e 1Y &
Az, HH B o3 A T2 AR 5 Z LR 5 B0 DR Y
TS TR) A L2 5 sk B A A L e DR LR S I 1] i i
PRI, B0UE T FREALES X3 20 . S350 DL R
IR A Ty I B FE A A D iR R
B, ZeMiFL AR IMRT ), FFEBCAURREIXAY vV,
CI, O, ZEHTRE S, A MFLIR, FRER D, 22l
JiHiT V5 R i S SRS TR I T FRRE,

B T S DORF 5 Kk B, fE FRAL U A 3L R
i DR LR 5 0T, B/ B TR X SIMRT 1 41
f HE X R OARs I 7 2 505 M 4R /)y, dIMRT A9 8 [X.
CI. HIfL T sIMRT, {H & dIMRT /) OARs*Z it {5 T
SIMRT, H #4017 A 8] 4% o Fodil % L)%} FFAL 20
2751 Sk 0 g . TS0 AR R L U B9 IMRT 3 X
TiFse, &35 sIMRTAH L, dIMRTH24t 7 845 1

B W . CURTHI, [AB 46 %6 TIRYF Bl B2,
dIMRT 7E #8 X 5] e 2 88005 T H A W) W i A 34, [H 2
TE OARs [ J2 Bk 32 5 . 107 ROR N y 38 b 48 55 J7
W B —

sIMRT 1 dIMRT 7 £ k. 2 7% v 52 f oK B 44
He/NF B MU B MSA %5 G5 2 80 52 i, sIMRT R
H 4 HE (step and shoot ) R BF 41X, 7 & 4046 i —
FRYVERA A B & ng a, 8 AN [R R AR KN
97 >k 38 i AR B ) 5 3 A, T dIMRT W 5@ 55 MLC
R B 3% 252 0z ) 5 0] B 2% 04 S I A Y ok S i A
il H R SR AR A, X T A ) K
AR AU AR R S B IR S 5 E R,
AW 5T T dIMRT R F 850 19 e K 7 B9 4 (364)
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