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Improvement of radiation therapy plan dose index by Convergence Mode with Aperture
Shape Controller in VMAT treatment planning
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[Abstract]

Purpose: Convergence Mode is a new tool that can set the criteria of convergence in three stages in the calculation of
inverse planning optimization.This study aimed to show that the Convergence Mode can improve dose index when opti-
mizing the volumetric modulated arc therapy (VMAT) treatment plan.

Methods: At the time of planning, two-step dose constraints and Aperture Shaped Controller settings were combined
using three types of phantom images and clinical images. Three levels of Convergence Mode were set for each, and the
dose indexes were compared and evaluated.

Results: In the phantom image, the Homogeneity Index did not deteriorate in phantom and clinical images. On setting
the Convergence Mode to on, 22 and 13 out of 27 items were improved compared to off in phantom and clinical images,
respectively. On setting the Convergence Mode to extended, 25 and 17 out of 27 items were improved compared to off
in phantom and clinical images, respectively.

Conclusion: The change in the Convergence Mode setting in the VMAT treatment plan improved the dose index of the
contour with the dose constraint under multiple conditions.
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Fig.1 The Image of Mock structure and each dose
constraint.
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HI = D2(Gy) / Dosn(Gy)

CI = Vi (PTV) (cc) / V(PTV) (cc)

GM = | Equivalent radius(cm)of Vi (cc) /
Equivalent radius(cm)of Vs (cc) |
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Dose constraints and priorities for each structure

In C-shape, NTO was set to OFF. In H & N and Prostate, the NTO was set to “100 / Automatic NTO”. Case 1 and
Case 2 were optimized without using MCO with ASC set to OFF. Case 3 was optimized with ASC set to Moderate.
Priority and setting are described in the Normal Tissue Objective (NTO) line.

Test Patten Structure Type Case
Case 1 Case 2, 3
Vol (%) Dose (Gy) Priority Vol (%) Dose (Gy) Priority

C-Shape OuterTarget (PTV) Upper 0 50.0 300 0 50.0 300
Lower 100 50.0 300 100 50.0 300
Mean 50.0 300 50.0 300
BODY Upper 0 50.3 700 0 50.3 700

NTO Off Off
Core Upper 0 25.0 250 0 20.0 250
Mean 138.0 250 7.0 250
(Mock_)H&N PTV Upper 0 50.0 300 0 50.0 300
Lower 100 50.0 300 100 50.0 300
BODY Upper 0 50.5 700 0 50.5 700
NTO 100/Automatic 100 100/Automatic 100
Cord Upper 0 35.0 250 0 35.0 250
Parotid_L Upper 0 50.0 250 0 50.0 250
Mean 18.0 250 13.0 250
Parotid_R Upper 0 50.0 250 0 50.0 250
Mean 18.0 250 13.0 250
(Mock_) Prostate PTV Upper 0 77.0 500 0 77.0 500
Lower 100 75.6 400 100 75.6 400
Prostate Lower 100 76.0 300 100 76.0 300
PTV_Low Upper 0 75.6 500 0 75.6 500
Rectum Upper 0 75.6 250 0 75.6 350
Upper 5 74.0 300 5 74.0 400
Upper 15 70.0 400 10 70.0 200
Upper 30 60.0 400 20 60.0 400
Mean 40.0 250 30.0 350
Bladder Upper 10 60.0 250 10 60.0 250
Upper 30 41.0 250 30 41.0 250
BODY Upper 0 77.0 700 0 77.0 700
NTO 100/Automatic 100 100/Automatic 100
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Fig.2 clinical images (C-shape, Mock_H&N, Mock_ 9, PTVOREE MBI 2 MR s«
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Table 2 Dose index of structure with Goal specified in Mock structure

In the target structure, the dose index corresponding to HI and the target dose is described. In addition, Dmax and Dmean and
the dose index corresponding to the target dose are described in OAR.

Case

Case 1 Case 2 Case 3

Convergence Mode

Test Patten Structure or MU Dose Off On  Extended  Off On Extended  Off On  Extended
C-Shape OuterTarget (PTV) HI 1.06 1.05 1.04 1.11 1.1 1.07 1.10 1.09 1.07
Cl 1.09 1.11 1.10 1.24 1.33 1.16 1.16 1.19 1.15
GM 2.30 2.43 2.38 2.19 2.23 2.37 2.32 2.32 2.30
(D95=50 Gy) Di10% (<55.0) 51.7 51.3 51.2 53.3 53.0 51.8 52.6 52.6 51.8
Core Dimax 28.1 27.2 26.9 25.6 24.9 22.7 24.1 23.4 22.2
Dio%(<25.0) 23.4 23.1 22.3 18.9 18.5 16.6 18.3 18.0 16.5
MU 698 686 802 732 703 771 705 689 740
Mock_H&N PTV HI 1.07 1.05 1.05 1.07 1.06 1.06 1.07 1.07 1.06
Cl 0.93 0.93 0.93 0.93 0.93 0.94 0.93 0.93 0.94
GM 2.55 2.44 2.46 2.47 2.42 2.41 2.47 2.65 2.39
(D90=50 Gy) Daos (>46.5) 48.2 48.5 48.7 47.4 48.0 48.2 47.4 47.5 48.2
Da20% (<55.0) 51.3 51.0 51.0 51.4 51.2 51.2 51.4 51.2 51.2
Cord Dmax (<40.0) 37.4 37.1 36.8 37.8 37.1 36.6 38.0 37.7 37.3
Parotid_L Drmean 18.9 18.6 18.3 15.0 14.8 14.8 15.0 14.7 14.6
Parotid_R Drmean 18.7 18.6 18.2 14.8 14.4 14.3 14.7 14.6 14.2
MU 570 578 734 552 556 605 538 550 603
Mock_Prostate PTV HI 1.03 1.03 1.03 1.04 1.04 1.03 1.04 1.03 1.03
Cl 1.00 1.02 1.02 1.07 1.07 1.09 1.05 1.06 1.06
GM 1.50 1.48 1.52 1.49 1.46 1.47 1.50 1.69 1.57
(D95=75.6 Gy) Ds% (<83.0) 774 771 76.9 77.8 7.4 77.4 77.6 77.4 771
Rectum Dao% (<70.0) 60.9 60.9 60.5 45.4 44.9 44.8 46.0 45.0 44.9
D1o% (<75.0) 74.9 74.9 74.7 74.6 74.6 74.6 74.7 74.6 74.5
Bladder Dao% (<70.0) 39.6 34.2 37.8 30.4 34.4 31.3 30.3 34.3 27.1
Dio%(<75.0) 60.9 55.9 59.1 60.9 60.8 58.2 58.4 58.2 55.0
MU 539 533 520 698 711 786 650 660 673

28 (28) & HABHBEMEIM&EE 2023, vol.70 no.843
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W, MUMEZBI U TR 29 5. Convergence
Mode D EZE X Off D £ & OMUMED -39 631 =
81MUT, On® t &DMUMEDI-I413 630+ 74 MU
T, Extended® t & DMUMD 693 +98 MU
Tdh - 72 Case2t Case 3 F51F 5 G HEFT M) iz 8
bIH— 4t T ASC % %13 72 s MU fili O 38 3 1%
Convergence Mode D#ENSOndD t 3123.6% T
bY, ExtendedDt 512136.7% Th - 1.

% 7:Case 155 Case 312%1) 5, Mock Structure,
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Table 3 Calculation time when changing the in-
tensity of Convergence Mode using Mock
structure

The time in this table is the time until the final dose distri-
bution is displayed after optimization.

Test Patten ~ Convergence Mode Time taken to create a plan(min)
Case1 Case2 Case3d

C-Shape Off 5 6 13
On 13 14 18

Extended 41 46 77

Mock_H&N Off 10 13 13
On 24 30 33

Extended 103 152 203

Mock_Prostate Off 4 5 7
On 9 11 18

Extended 35 44 61

L 72. Convergence Mode 23 Offd t & L <X On
DL ETIE23204DEH 2% ), Extended D
L 3139.5+ 2 8HEDMERI A 222 5 72,

3-2 BRPREMRZZ{ER UfoaREtE
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R L ORI % Table 41278 L 72, Conver-
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BrHETs HEEVD-ILLOIETUESN
L L T PTVOMEY— b 5 ek
FRiZHw T, OnTROff L, 213 H 145 H
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Extended T3, 21HHH*H 203 H (Case 1T 7%H,
Case 2 T7HH, Case 3 TOHHH) THRIZYEL T
Wi CL GMIZDOWCTHEREN DL L DI -
72, IZOARIZEK VT, OnTIXOff k Hex, 273H
Hi133HH (% Case l23%\ T O HHCase 1 T4
H, Case 2 T5¥HH, Case 3 T4%H) THREIIYEE
L. Extended T13X Off L }e<, 27 HHH 173HE (%
Caselz#x\TOBHH Case 1 TOHHH, Case2T7
HH, Case3T4¥H) THEIEHEL TV

Wiz, MUfEIZBIL T, Table 412773 & 9 (2 Con-
vergence Mode Di%E20OndD b & 129 HHSIH
HTMUMEOH %A Z 28, Extendedd t &
OB HB OB H TMUMEDINZ A BiZ il 7e.
Case 2 t Case 323 1F 2 {HHEEHMRoE LR — 40T
ASC Z3%5€ L el MU ED AL, Convergence
Mode DFEN Off D L 3122.3%, OnD L 3123.7%
T, Extended®Dt i27.8%Th-7e.

FICMCORMH L olct 3DCase1n b
Case 3i%11 %5, Mock Structure, Convergence
Mode = & DA % Table 5(27rL 72, Conver-
gence Mode 2 Off O L & LN, OnD L & TiX2.2
£0.4f5OWEM 22 Y, Extendedd & &1310.6+
237 R OWER A 20 5 72,

4. & R

KRHfZE T, Convergence Mode D% % 21t
SEBCHBOEIFT LB 0T, MailliZ2ixe L
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bhs. L»L, Convergence Mode O 5 & %
Rt s, EToRERECHSHU LICEES R
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Table 4 Evaluated structure and dose index

The comparison of dose index and MU evaluates On and Extended for when Convergence Mode is Off.

Case

Case 1

Case 2

Case 3

Convergence Mode

Convergence Mode

Convergence Mode

Test Patten  Structure or MU Dose Off On Extended Off On Extended Off On Extended
C-Shape QOuterTarget (PTV) HI 1.06+0.02 1.05+0.02° 1.04+0.02° 1.10£0.06 1.07+0.04* 1.07+0.04* 1.09+0.06 1.07+0.04 1.07+0.04*
(D95=50 Gy) cl 115+£006 1.13£0.05 1.13+003 120£0.03 1.17+0.04 117£0.06 1.18+004 117£004 1.17+0.04
GM 1.31£022 1.34£019 138026 1.28+£021 133+£020 144+026 129+021 141+022 140022

Dio%(<55.0)  51.7£0.5 514+£03 51304 522+1.1 51.5+06° 51.8%£1.1* 522+07 51.5+£06" 51.7+08"

Core Drmax 305%3.1 301+£29° 299+28 281+57 275+55° 272+£55" 281+£57 275+55° 27.0%£51"

Dio%(<25.0) 228+0.7 22.0+09° 21.2+13 17.1£29 15.4+1.3 148+0.8 16.6+2.6 15.4+1.3 151+05

MU 718+89 759+118° 941 +237* 768+ 36 824+ 81 88075 778150 831+87* 887 £ 85"

H&N PTV HI 1.08+0.01 1.07+0.01 1.06+£0.00* 1.10+0.03 1.09+0.03* 1.08+0.03* 1.10£0.03 1.09+0.083* 1.08+0.03*
(D90=50 Gy) cl 0.98+0.02 097+£0.02 098+0.02 1.00£0.05 1.00+£0.04 1.01+£006 1.01£0.05 1.01+£005 1.00£0.04
GM 3.05+0.38 3.02+0.38 3.06+034 294+023 3.06+0.33 3.17+049 3.00£027 3.18+042 3.13£0.33

Do (>46.5)  47.8+0.1 478+00 480%0.1* 47.0+09 472+08° 473+£08° 46910 47.0+1.0° 472+0.7"

Doow(<55.0)  51.5£00 51.3£01* 51.2+01* 51805 51.6+04" 515+£04* 51805 51604 51.8+06

Cord Drmex(<40.0)  384+£02 380+04 37.8+03° 391£09 387£09" 385+07* 39.0+06 39.3+05° 38.3+0.9"

Parotid_L Drmean 185+03 183+02* 183+01* 14416 142+£15° 140£14 143+15 142+£15 140+1.3"

Parotid_R Drmean 184+0.2 183+£02° 183+03* 140+£09 138+0.8" 138+1.0" 140+1.0 138£09" 140%1.3

MU 472164 496£80 525 +80* 504 £ 71 534 £61 552 £61* 483+60 490+75 413 £235*

Prostate PTV HI 1.05£0.01 1.04£0.01* 1.04+001* 1.05+0.01 1.04+0.01* 1.03+£0.01* 1.05+£001 1.05£0.01 1.04£0.01*
(D95=75.6 Gy) Cl 1.00£0.02 101£0.01 1.01+£001 1.02£0.02 1.02+0.02 1.03£0.01 1.02+0.02 1.03+£0.02 1.03+0.03
GM 148+£0.05 1.47+007 148%0.04 153+0.14 164+£0.13 1.70+020 1.64+£0.10 166+013 1.68+0.14

Ds%(<83.0) 782+0.6 779+05" 77805 782£04 779£03 77601 783%04 781£03  780%0.3"

Rectum Dso%(<70.0)  58.2+37  556+2.1 561+£25 41.7+£18 412+17° 413£19° 417120 415+16  407%09

Diow(<75.0)  755+0.4 75403 755+0.4 75.0£0.9 75.0£0.2 749+03 75.0+0.7 747£1.0 747+£1.0

Bladder Dso%(<70.0) 355+129 355+126 337+135* 325+146 31.7£154 305+16.7° 323%£150 31.1£153 31.6%156

Dio%(<75.0)  69.8+6.0 68.4%7.2 68.4+7.2 68.7+7.2 68574 683+7.6° 68.6%7.2 68.6 7.1 68.5+7.1

MU 469+45 544 + 48" 547 +50* 5556+19 584 £22* 589 + 28" 530+12 549+ 5 562 £21*

*P<0.05
Table 5 Calculation time when changing the in- B LT, EREORMPALZILIIETLIOD

tensity of Convergence mode using clini-

cal image

The time in this table is the time until the final dose distri-

bution is displayed after optimization.
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Fig.1  Mock structure (C-shape, Mock_H&N, Mock_
Prostate) &ZNZNDIREHIK
Fig.2  ERPREIR (C-shape, Mock_H&N, Mock_Prostate)
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