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Multi-criteria optimization versus single-criteria optimization in intensity-modulated radiotherapy

for early breast cancer: a RTOG 1005-based comparison
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Abstract: Objective To assess the feasibility and potential dosimetric advantages of multi-criteria optimization (MCO) in intensity-
modulated radiotherapy (IMRT) for patients undergoing breast-conserving surgery for early-stage left breast cancer, based on
the evaluation standard of RTOG 1005. Methods Twelve patients after breast-conserving surgery for left breast cancer were
randomly selected. The plan using single-criteria optimization (SCO) designed in ADAC Pinnacle v9.2 treatment planning system
(SCO-IMRT plan) didn't completely met the standard of RTOG 1005. Keeping optimization conditions unchanged, IMRT plan
re-optimized with MCO was designed in RayStation v4.0.3.4-clinical version treatment planning system (MCO-IMRT plan).
The dosimetric differences in planning target volume evaluation (PTVe) and organs-at-risk (OAR) were compared between SCO-
IMRT plan and MCO-IMRT plan. Results Compared with SCO-IMRT plan, MCO-IMRT plan had a higher PTVe 95% prescription
dose coverage (=2.92, P=0.013) and a slightly decreased conformity index of target areas (r=-3.19, P=0.004). The maximum
dose (D,,. ) of PTVe in MCO-IMRT plan was lowered by 54 Gy, compared with that in SCO-IMRT plan (=-2.51, P=0.02). No
statistical difference was found in homogeneity index of target areas (+=0.95, P=0.352). Compared with the OAR dose in SCO-
IMRT plan, the V,;, V,, and D, . of the heart in MCO-IMRT plan were reduced by about 23.7%, 35.0% and 21.1%, respectively

(=-2.365, -5.445, -6.140; P<0.05); the V,,, V,,,and D, of the ipsilateral lung were reduced by about 9.5%, 8.9% and 4.9%,

mean
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respectively (=-3.10, -3.05, -3.17; P<0.05), but the Vs of the ipsilateral lung were reduced by 6.3% (=-1.76, P=0.092); the D,
of contralateral breast was reduced by 50 Gy (=-2.58, P =0.017). The comparison in the V, of contralateral lung and the V,,

and D, of contralateral breast didn't showed any statistical differences. Conclusion Compared with conventional SCO-IMRT

.......

plan, MCO-IMRT plan designed in our research reduces the OAR dose and the D.... of target areas and shortens optimization

time, but these results need to be further evaluated in clinical application.
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Fig.1 Objective functions and conditions of multi—criteria optimization (MCO)
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Fig.2 Navigation interface of MCO for choosing the optimal solution
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Tab.1 Dosimetric comparison of PTVe after MCO and SCO for 12 patients undergoing breast—conserving surgery for

breast cancer (Mean + SD)

Optimization PTVess/% Diea/ Gy D1/ Gy HI CI
MCO 99.80+0.18 5233.25+26.34 5455.58+58.87 1.089+0.010 0.98+0.00
SCO 99.10+0.74 5235.75+37.73 5509.42+38.60 1.085+0.010 0.99+0.00
t value 2.92 -0.19 -2.51 0.95 -3.19

P value 0.013 0.850 0.002 0.352 0.004

PTVe: Planning target volume evaluation; SCO: Single-criteria optimization; HI: Homogeneity index; CI: Conformity index

M PTVe 95% &b 77 57 & 78 56 8 B I (.=2.92, P= S EAESFE L, K 320300 82515 H
0.013) ,PTVe i) D N[ 54 Gy(F—2.51, P=0.002) , SCO A MCO Bk ATl AL 5, #E DX KT I A 590 1 43
CI M 22— 5. (+=-3.19, P=0.004) ,HI FI#[X D, 1 AWIEHRTEE

MCO

E3 2 ERMNZ B ESE T EXTt
Fig.3 Dose distribution of PTVe after SCO and MCO (transversal view)
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Tab.2 Dosimetric comparison in lung after MCO and SCO for 12 patients undergoing breast—conserving surgery for

breast cancer (Mean + SD)

Ipsilateral lung Contralateral lung
Optimization
Vi 1% Vi /% Vs /% Diea/cGy Vs /%
MCO 16.88+1.40 25.18+1.46 38.69+2.31 987.62+28.29 0.29+0.48
SCO 18.67+1.43 27.63+2.37 41.31+4.60 1037.924+47.09 0.37+0.61
t value -3.10 -3.05 -1.76 -3.17 -0.41
P value 0.005 0.007 0.092 0.005 0.680
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SCO-IMRT %], MCO-IMRT %] .0 Vs L V), o 1) D, T SCO-IMRT i1 (1=-2.578, P=0.017) . Vi,
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Tab.3 Dosimetric comparison of heart and contralateral breast after MCO and SCO for 12 patients undergoing breast—conserving

surgery for breast cancer (Mean+SD)

Heart Contralateral Breast
Optimization
Vas/% Vi/% Diean/cGy Dhna/cGy Vi./% D/ Gy
MCO 3.81+1.14 7.24+1.89 394.754+44.56 330.17+50.00 5.89+2.48 103.08+27.93
SCO 4.99+1.30 11.13£1.60 500.58+39.75 380.83+45.86 7.25+2.47 118.42+30.47
t value -2.365 -5.445 -6.140 -2.578 -1.351 -1.285
P value 0.027 0.000 0.000 0.017 0.191 0.212

23 FIBHREFELR B, MCO 553 19 PT Ve i 511 it IX 7 AR, H. D 5,
Vel — 8 F AR AR B T (R 4) BEAT I SR, S R 1O R LB G LR 2

¥ Plan dose: mco-IMRT [C... ¥i Plan dose: sco-IMRT [CT... »==esm

DVH

DoGy
4 ZBfrf 8 BIRMECNTIE2ARESERNELE(MCO AL, SCO HEL)
Fig.4 Comparison of dose volume histogram between MCO and SCO (solid line: MCOj; dotted line: SCO)
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