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Refined intensity-modulated radiotherapy planning after modified
radical mastectomy for breast cancer®

Xie Xiao-li, Zhai Xiao-juan, Zhu Yu-hong, Wei You-fang, Fang Min, Zhang Feng-hua
[Department of Oncology, Xiaolan People’s Hospital of Zhongshan (The Fifth People’s Hospital of
Zhongshan), Zhongshan, Guangdong 528415, China]

Abstract: Objective To study the influence of treatment planning system (TPS) parameters on intensity-
modulated radiotherapy (IMRT) after modified radical mastectomy for breast cancer. Methods A retrospective
analysis was conducted on 14 patients receiving IMRT after modified radical mastectomy for left breast cancer at our
hospital from August 2022 to May 2023. For each patient, three parameters in the radiotherapy TPS, including
minimum segment area (MSA), minimum monitor unit (MMU), and maximum number of segments (MNOS), were
sequentially set to different values. The changes in dosimetric parameters resulting from these adjustments were
compared, including the volume receiving 100% of the prescribed dose (V,,,,), the volume receiving 110% of the

prescribed dose (V,,,,), the conformity index (CI), and the homogeneity index (HI) of the planning target, the left
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lung volume receiving 5 Gy (LV,), 20 Gy (LV,), and 30 Gy (LV,,), the mean left lung dose (LD,,,), the right

mean.

lung volume receiving 5 Gy (RV,), the mean right lung dose (RD,,,), the heart volume receiving 30 Gy (HV,)),

mean.

the mean heart dose (HD, ), and the maximum spinal cord dose (Cord). Additionally, changes in the plan execution
time were evaluated. Results Compared with the initial plan (MSA = 4 cm’), the overall monitor units (OMU)
decreased with MSA > 9 ¢cm’ (P < 0.05), plan execution time decreased with MSA > 16 cm’ (P < 0.05), the overall
number of segments (ONOS) decreased with MSA > 49 cm® (P < 0.05), and V100% decreased with MSA > 64 cm’
(P < 0.05). Compared with the initial plan (MMU = 5), ONOS decreased with MMU > 12 (P < 0.05), V110% and
RV, increased and plan execution time decreased with MMU > 15 (P < 0.05), LV,, increased and V,,,, and OMU
decreased with MMU = 20 (P < 0.05), CI decreased and Cord increased with MMU = 25 (P < 0.05). Compared with
the initial plan (MNOS = 56), changes in ONOS and plan execution time for other MNOS settings were all
statistically significant (P < 0.05). The variations in ONOS and plan execution time were consistent with the changes
in MNOS values. Conclusion Within the constraints of acceptable plan evaluation, appropriately adjusting TPS
parameters during IMRT after modified radical mastectomy for breast cancer can improve plan execution efficiency.

The maximum values for MSA and MMU can reach 49 and 12, respectively, while MNOS is closely correlated with

4736 &

plan execution time and should be set cautiously.
Keywords:
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LR g ™ T U 2oV B O BRI AR R AR
5 BEIH A R AT Bl T LB 42 W L o 3 R T
Ja VAR BT, TR & R )7 R A 32
T B B R AR A AR TE DT BRI A [ IR AT R R
JEHLOR B FL GBS BRE )i 0 T R & I I
SRIT ﬁ?ﬁ(intensity—modulated radiotherapy treatment,
IMRT ) PR 6 AR i 0.0 JUE 458 405 22 18k FLIR B AR IR RS
WO R T B ZESNIT IMRT O Rl s, 34 &
45 (treatment planning system, TPS) 2 ${15 B 25 5 i 57|
e AR R R SRR AT T LA 14 491 7 L R
P o R ARTE RS IMRT 097 &8 & A BF R X 4L TE
Pinnacle’ TPS H144 3 4~ 284050 I 152 & A [m] (19 50, 0L
GO T TCT R 50 AR A R T S Bk

1 AR

T 5 B2 1
PEH 2022 4 8 H—2023 45 A fE i /i A
[ B= BE 47 76 ) 7L B 9 0 R AR YA R S IR SR 0T RE
SN G2 o OB HE : ORG24 IE S A 20 0 FL AR -
QEZ M RIIEA ; QARG A BT 8 IE H 32 HE
BIT s @A G I AL BIE 5 B br ot : OA I V)2 A
P 5 QPR 25 i PR R BB 58 B A T o B 2 1B 5 14451
BE NI S AR 33 ~ 65 %, P AR 46 ¥ 7
WL L8 B e = 2 AR B 22 1 234t 7 (No : 2023-0035) .
[l JBsi P 43 AT 3K 14191 BB B RO TR BT A Y
X 1 3 4 30 SR AT 22 Philips 2 7% F K FL 4% Big

1.1

left breast cancer; minimum segment area; minimum monitor unit; maximum number of

Bore CT #EATRE N7, R MMER BT 3k , 17 008 A i
52, F1 48 91 PR A 30350 A0 AR 5 2 e 2L, e 9%
5 cm, 7] B A2 35 42350 il 4 20, )2 JE R TR BB 2 <
3 mm. 5E {7 B AR 1L 2% & 36 F Elekta 23 7 2 {15 (4
Monaco T AE ¥l , {1 [7]— {7 B V647 20 im0 X | 5 M
7% B (organs at risk, OAR ) F1 1F % 41 2 A9 ) 1 35 115 i
S 36 97 B P AE 41 (Radiation Therapy Oncology
Group, RTOG ) A7 4 . IIfii IR 42 IX. (clinical target volume,
CTV ) A 45 g A it B A b X, 31 R0 #8 X (plan
target volume, PTV ) i CTV #M” 5 mm & il . OAR £ 4%
oy S TN N & e 1 D R 1 SO |\ 4
50 Gy, # MRS, 2 Gy/d, 251k,
1.2 TPSHIE#MKIEESARIEIT

TR TR FH — A A R T, 20 ) 2L B 9 ek
R AR IR A G 1 i BE Rk B 5 | 9 DX R B RO 7 A4S
B OAR BoR « 2 fili #5525 Gy MR (LV,) <65%,
ZE i 4% 52 20 Gy B AR L (LV,,) <28% , /¢ Jifi $ 3% 30
Gy [ Bl (R L (LV,,)) <20% , e fili #4550 & (LD,,,,) <
15 Gy ; 43 fili °F ¥ %) & (RD__ ) <3 Gy, 43 fili % 52
5 Gy MMl (R FL (RV,) <5% ; 0 4257 30 Gy 4l 4144k
FL(HV,,) <10% , 0 BEF- 3450 5 (HD, ) <10 Gy ; H i
B K & Cord<35 Gy ; £ Il B 3k % K 5] & Hum<
50Gy , 5 V,,<1%.

K J A 2% Philips 23 7] $2 it 1 Pinnacle’ 16.2 TPS
AT RN A S HO E R 0 B A (dose
grid, DG )4 mm, il & X #% (fluence grid, FG)4 mm, f
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fifg /N, 25 FUBRE SRR IR A G IR 7 ARG 4 f i

FASEAR AL 25 40 4 F R0 9 B/ 7 5 17 AR (minimum
segment area, MSA) 4 em?, B /DN ML £ Bk 20 (minimum
monitor units, MMU) 5, fx KT 74X (maximum number of
segments, MNOS ) 56, MZ AR TR R X B SR B
BB R3S, HC SR AH R O U
BTN o S DR ah R 5 DL 5 — 580 -
PRFF MMU A1 MNOS 9] 1R 254 (53591 2 5 1 56) A2,
SRJG K MSA B R 9 em® , HAY TR S HORm LAk 251
A I A A LR IR AR UK MSA i
416,25 .36.49 .64 81,100 em?, 754 ARAF 56 —4H
BAEIRAF L R S % — AL, SRR IR TR H Y MSA
FTMNOS A4S (4354 4 em® F1 56) , 2K J5 4 MMU 4
Wik E R 8.10.12.,15.20.,25 130, 45l 2 B W1 th
T30 w0 R e B MIMTU & 565 = 2H K080 20 A 4o 7 )
B — 4, R4 MSA FTMMU A8 (435114 4 em® Fl
5) , B MNOS & Yk B2 Bl 42,49 .63 .70 .77 1 84, 1
T B B RO AR BT IR L I R BE S %
W1t ) 4 S T 69 MNOS, 2 88 % 8 UE 12,
12 x 7=84 . [a] — B F A 22 3] . R 1

x1 TPSHISHIZE
4l G| H=A
MSA/ MSA/ MSA/
em? MMU MNOS em? MMU MNOS em? MMU MNOS
4 5 56 4 5 56 4 5 56
9 5 56 4 8 56 4 5 42
16 5 56 4 10 56 4 5 49
25 5 56 4 12 56 4 5 63
36 5 56 4 15 56 4 5 70
49 5 56 4 20 56 4 5 77
64 5 56 4 25 56 4 5 84
81 5 56 4 30 56
100 5 56
1.3 itxIiTEE

A3 3L T AS 45 9, B PTV #7281k . OAR
A AL R AT S ECE . PTV R B AR PEAL LR
B Vi, (PTV Y 100% kb J5 70 & % 35 (R FL) |
Vi (PTV I 110% kb 77 7 &8 58 S5 AB) | i B 45
b4 Ch . ¥ 5 ¥ 4 %
(homogeneity index, HI) . OAR AL TR S 500
. £ (LV,. LV,,. LV,. LD_ ). £fii (RV,,
RD, ). O HE (HV,. HD, ) H1H 86 & K5 &
Cord, AT Z B 5 Bl 2% Bk Z0 (overall MUs,

(conformity index,

OMU) . =3 5 T ¥ % (overall number of segment,
ONOS) Kt A7 i K Time, o, I, HIFiT
RHAT B 43 e DA R A X5

Cl= (V, ,+V) x (V, V)

V, oA 5 R AL SR B IR R, V2
FEHO X BARAR VA T R o A S8 Y 4 2 ]
PRAR . CIE BT 1 150 IA & JE gy

Hi= (D,-D,) <D,

D, 24 2% $EIX W WO 2 1 fe/IMEL, - Dg 2 98% HE
DX WA A e KB, Dy, R 50% H X iG] 2 Y
S . HUBRE T 0 18 BA 35 A7 P i

M4 KATHRYN 250758, HF Rl AT ik —
FEER 3 BB . HLALISATHI R T . M s AT
TVNC S 4R R IR S I TV A% S i 4 7 L
B AZ 2 IS [] FITIR 5 9 & I 10 o &5 A AR ATF 9 5 B 4R
1714 %5 55 [ ELEKTA /A ] Precise 22 51 il i #% A9 EL K
24, mJaiih IR

TR AT B 4 =0.17 x spacing+d + 2+MU + 8.92+
3.1x (N**-N®) +76.2

Spacing T8 HLAE A BE A%, d 48 B> B 1y Je K
M EATRE B A B, MU 38 Bl sk, Needgit
RIS B8, NPHR T EF 8. ROk d ok AR L,
ZAEHZEBANE . S5 AR5, MUTE OMU,
N*“:35 ONOS, N°=7,

1.4 FitEHE

B A3 BT R FH SPSS 26.0 488 0F . i 9kt
DI¥IE = brifE 22 (xxs) Fon, HWEM 250,
HE—2E W HL B LSD—t K556 . P <0.05 N 22 A 50
NES -9’8

2 #R

MSA 4L IR0

% MSA 4/ V. CI. HI, RV,. RD,,,, . Cord .
LV.. LV,. LV,. LD . HV,. HD [, &)
ZorHT, ZERBTIGI2EE L (P>0.05), 4% MSA
HIV, 0, OMU, ONOS. TFRIPATHI K LU, &
TEMN, ZEWAGITFEL (P<0.05). 5%
AT (MSA=4 em®) #HLE, MSA>9 em’ B OMU [
5 (P <0.05); MSA=16 cm’ B} it % 447 B 4 F& A%
(P <0.05); MSA>49 cm’ i} ONOS [£1{% (P <0.05) ;
MSA>64 em® BV, FEIE (P<0.05). W32,
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rh E IR R AR i 36 &
®2 MSAZUKSHILE (n=14,xxs)
MSA A\ OMU ONOS HHRIFATI /s V.10l % CI HI RV,
4 em? 9258154  70871+141.22  53.92£299  35679+21.07 1055952 056+006 026+007 4.03=3.79
9 em? 92.17+1.70  58657+113.23  5550+0.76  35243+13.94  1028+1027 057006 026+006 424+3.79
16 em® 91.83 +1.86 511.79 +77.76 55.14 £ 1.02 342.86 +9.59 11.27 £10.27 0.57 £0.07 0.27 +0.07 4.75 £4.33
25 em’ 9175185 467506230  53.86+£224  33293+1353  1046+887 058+007 027£0.07 551=509
36 cm® 91.36 + 2.38 435.14 + 53.82 52.29 +3.02 323.86 + 14.56 10.55 £9.12 0.56 + 0.06 0.28 +0.07 5.64 +5.07
49 e 9106218  390.00+£39.00  47.00+3.13  29950+1455 901852  056+007 029£007 571=504
64 cm’ 90.41+247  360.71+31.40  41.64+292 277.14+12642  874+893 056006 030+008 5.86+5.10
81 cm’ 89.23 + 3.85 335.29 +20.27 37.07 +3.19 257.79 + 12.62 8.66 + 8.0 0.54 £ 0.06 0.33+0.10 5.63 £5.65
100em® 8889326  31607+17.15  3229:+461 23843+17.814 987+119  052£006 035011 473+4.60
F{H 3.816 42.653 124.315 118.191 0.129 0.749 2.003 0.296
Py 0.001 0.000 0.000 0.000 0.998 0.648 0.052 0.966
MSA RD, /Gy Cord/Gy LV /% LV,/% LV, /% [Gy HV, /% HD, /Gy
4 em? 212£035  3496+268  6125+582 2645+159  19.11+174  1495+0.11  752+264 1027238
9 em’? 215038  34.65+294 6222689 2643x154 1896173 14942014  770£278 1032245
16 cm’ 220£042  3482+255  6259+657 2659+157 1905+169  1501+0.15  759+266 1029226
25 em’ 2224044  3514£248  6294+7.09 2648+135 19.02+1.66 1497+0.11  7.60+2.56 1045238
36 cm® 2.23+0.43 34.72 £2.03 62.74 £7.11 26.69 + 1.46 19.19 £ 1.71 15.01 £0.10 7.78 +£2.37 10.40 £2.27
49 e 223+045  3478+223  6273+625 2686+139  1928+1.66 1504+0.15  7.89+255  10.36+223
64 cm’ 223+048  3472:262 61.53+633 2707138 1938164  1505:0.15  8.09+261  10.11+1.96
81 cm’ 220£047  3468+248  6127+621 2735:139  1948+160 1508+0.14  822+283 980175
100 em’® 216+044  3526+221 6081+672 2761+159 19.75+174  1509+0.17  886+2.61 974181
F{E 0.119 0.129 0.206 1.136 0.325 0.067 0.360 0.119
Py 0.998 0.998 0.989 0.345 0.955 1.000 0.939 0.998
2.2 MMU ZELEI R0 e, MMU=12 i ONOS [ fik (P <0.05) ; MMU>15 I
£ MMU 4019 HI LV, .LV,,.LD,RD__ HV, . Vo RV T 55 (P <0.05) , 31 % A7 B B AR (P <

HD, . W, 207 200, 258 g it m L (P>
0.05) . % MMU 414 V, 0, « V10~ CIL LV, \RV, . OMU |
Cord ,ONOS FTH R AT I LU 8K , 2805 26 03 #r L 25 5%

WA G122 L (P <0.05) . 59186 R (MMU=5)

0.05) s MMU=>20 i LV, T} & (P <0.05) , V4, - OMU [
% (P <0.05) ; MMU=25 B} CI B A (P <0.05) , Cord FF
E(P<0.05). %3,

£33 MMUZUHBHLLE (n=14,xx5)

MMU Vool % V. /% cl LV, /% RV /% Cord/Gy oMU ONOS

5 92.58 +1.54 10.55 £9.52 0.56 +£0.07 26.45 +1.59 4.03 +3.79 34.96 + 2.68 708.71 + 140.22 52.93 +£2.99
8 92.44 + 1.69 10.81 +£9.33 0.56 +0.06 26.63 = 1.46 5.46 + 3.50 34.87 +2.88 723.64 + 138.42 52.79 £2.94
10 9253+ 1.74 14.97 + 8.60 0.55 +0.06 26.81 £ 1.38 6.97 +4.38 35.25+2.72 740.14 + 144.54 51.71 £3.62
12 92.27 +1.84 17.42 £9.08 0.55 +0.05 26.78 = 1.64 8.72 £ 6.30 35.52 +3.04 733.86 + 172.93 46.21 £7.04
15 91.56 £2.22 19.85£9.09 0.54 £ 0.06 2691 £ 1.61 9.46 + 8.18 36.14 £ 3.12 685.79 +210.05 35.21+£9.92
20 89.32 +2.47 20.01 £ 10.87 0.51+0.08 2771 £1.32 10.16 £ 8.73 36.78 +4.73 591.64 + 144.56 23.71 +5.81
25 86.80 + 3.66 23.70 + 15.86 0.49 + 0.06 27.96 + 1.66 9.74 +7.51 37.81+4.48 507.86 + 157.73 15.86 + 5.39
30 81.44 £5.05 18.39 + 8.57 0.46 +0.07 28.18 £ 1.63 14.00 £9.73 40.23 £5.28 446.15 £ 104.41 11.46 +2.43
FIH 27.873 2.745 3.823 2.541 2.851 3.213 7.279 130.445
P{E 0.000 0.012 0.001 0.019 0.009 0.004 0.000 0.000




4 fil /N, 458 2 FUBRBEC B ARG BRI T IO 48 1L IR
k3
MMU  JHRIE T K /s HI LV, LV, LD __ /Gy RD, . /% HV, /% HD__ /Gy
5 356.79 +21.07 0.26 + 0.07 61.25+5.82 19.11 £ 1.74 14.95 £ 0.81 2.12+3.55 7.52 +2.64 10.27 £2.38
8 358.00 = 20.54 0.26 + 0.07 62.74 + 5.86 19.12 £ 1.73 15.10 £ 0.76 2.30 +4.41 7.48 £2.76 10.47 £ 2.46
10 356.00 +26.15 0.26 + 0.06 64.02 £ 6.61 19.18 + 1.64 15.23 £0.80 2.43+492 7.42 +2.81 10.61 £ 2.50
12 335.50 £43.62 0.28 +0.07 65.59 £5.90 19.13 £ 1.63 1533 £0.85 2.54 +5.74 7.50+2.92 10.88 £ 2.48
15 290.29 + 58.84 0.28 + 0.08 66.73 + 6.86 19.14 £ 1.61 14.57 £ 0.30 2.58 +5.99 7.67+£2.79 10.92 £2.52
20 238.36 +36.21 0.30 +£0.07 67.67 +8.02 19.64 + 1.54 15.53 £0.73 2.56 +7.97 8.00+2.93 11.10 £ 2.42
25 200.71 +36.86 0.32 +0.08 67.09 £ 0.57 20.03 + 1.45 15.65 £ 0.87 2.51 +6.86 8.14 +3.41 10.98 + 2.65
30 178.23 +20.23 0.35+0.13 66.61 £9.71 20.11 £ 1.35 15.55 £ 0.88 2.66 + 6.56 8.728 +3.61 10.94 £2.73
F1E 60.028 2.042 1.344 0.991 1.003 1.217 0.205 0.180
P1E 0.000 0.057 0.238 0.442 0.434 0.300 0.984 0.988
2.3 MNOSZALHI= M Br, 22 2346 Gt 5 L (P <0.05) . HAth MNOS 5 49
£ MNOS 41 4 V405, + Vi« CIHIL OMU | L G T4 (MNOS=56) 1) ONOS 1 31Jal A7 i H g
WWU%M%W%MﬁuRWJWWM%J%L 2 S G2 L (P <0.05) ; ONOS FlH 5 $447
Gl 2NN, EF G EE L (P>005) .4 BHRAYEILE MNOS B R/NVE—3 . L3 4.
MNOS 2H () ONOS Fit R S0 4T I LU 8, 275 2240
F4 MNOSTUMBHLILE (n=14,xzs)
MNOS ONOS THRIBETIH s V0, /% V100! % Cl HI OMU LV./%
42 40.71 £ 1.20 305.43 + 15.64 92.01 £ 2.06 11.08 £9.75 0.54 + 0.06 0.27 +0.08 642.71 + 116.38 62.04 £5.99
49 48.07 +1.91 335.64 + 18.75 92.44 + 1.73 10.21 £9.77 0.56 + 0.06 0.26 + 0.08 697.36 + 142.50 61.88 +£6.20
56 52.93 +£2.99 356.79 +21.07 92.58 + 1.54 10.55£9.52 0.56 + 0.06 0.26 + 0.07 708.71 + 141.22 61.25+5.82
63 60.93 +2.49 386.86 +20.13 9237+ 1.72 8.71 + 8.67 0.57 £ 0.06 0.26 +0.07 731.07 + 149.612 62.14 + 6.66
70 67.57 £ 1.78 415.21 +21.72 92.57 £ 1.52 9.20+9.21 0.57 £ 0.06 0.26 £ 0.07 759.36 + 159.61 62.24 £ 6.87
77 75.00 +2.57 442.14 £ 22.21 92.56 + 1.52 9.58 +9.64 0.58 +0.06 0.26 + 0.07 783.21 + 148.39 62.29 £ 6.51
84 83.38 £ 0.96 47492 + 14.48 92.59 + 1.64 7.96 + 8.44 0.57 £ 0.05 0.24 + 0.08 783.62 + 129.54 63.36 £ 6.47
FAE 773.287 131.555 0.217 0.185 0.535 0.167 1.798 0.131
P{H 0.000 0.000 0.970 0.980 0.780 0.985 0.108 0.992
MNOS LV, /% LV, /% LD, . /Gy Cord/Gy RV./% RD, /Gy HV, /% HD /Gy
42 26.77 £ 1.60 19.27 + 1.68 15.12£0.79 35.28 +2.91 3.83 +3.81 2.10+£0.37 7.59 £2.67 10.32 +2.34
49 26.60 + 1.61 19.16 £ 1.71 15.03 £ 0.81 35.06 + 2.60 421 +3.97 2.14 £ 0.37 7.47 £ 2.69 10.24 +2.34
56 26.45 +1.59 19.11 £ 1.74 14.95 + 0.81 34.96 + 2.68 4.03 +3.79 2.12+0.35 7.52 £ 2.64 10.27 £ 2.38
63 26.42 +1.55 18.99 + 1.71 14.95 £ 0.84 34.64 +3.19 4.53+£4.28 2.16 £ 0.38 7.59 £2.77 10.21 £2.36
70 26.43 +1.53 18.98 + 1.70 14.96 + 0.86 34.38 + 3.08 4.30 +3.89 2.16 +£0.39 7.54 £2.44 10.28 +2.40
77 26.43 + 1.60 18.96 + 1.75 14.96 + 0.87 34.05 +2.96 4.80+4.22 2.39+0.39 7.43 £2.82 10.26 £ 2.41
84 26.50 + 1.72 18.81+1.72 15.05 £ 0.90 34.20 +2.95 3.98 +2.40 2.17+0.38 7.37+2.78 10.40 + 2.36
F{E 0.092 0.107 0.078 0.350 0.106 0.081 0.012 0.009
P1E 0.997 0.995 0.998 0.908 0.996 0.998 1.000 1.000
3 g B 45 28 % I PR AT AR R S F R 2, X Sk 3

VAR S A A /D22 5T TPS 28035 B 6 iy 7 it
Ry, DG .\ FG 2] MSA .MMU F1 MNOS 45 | 3 &t

23

HRIHEE LT 25044 DG 4 mm, FG 2 mm, MSA
5 em?, MMU 5™ Jig R 1%l 4n fii g 282 1% A DG 4 mm,
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# PTV 5 OAR i B 8230, W2k 3 mm o JE 51150 an
B 8 7E DG<3 mm B TF B AR B B FEAIG, >4 mm
IF 5 3 RS B, L@ 24 59 K MNOS 1T D32 3 &)
A 8 i R O MSA M 4 em® $2 & 15 5%
20 em®, T LABR @ TR0 0 B RLA Y ACRY WA
AR TPS ZH0 U w5 75 JE TR Y &2 4 f2 B, Sk 3t
P TR Gn S R R OB R S T I OAR FhE 2 (KRB
PE BB | HR IR 4 e 2 AR ) R, A S B BT ORG
25 8, B RS K B 52 v RS AR Ak ) 52 ), N R
3 /MA , B DG<3 mm ; J JE 5 X0) #R R 25 44 /0, 15k
S % /N HEEE DG 4 mm™Y,
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