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Dosimetric comparison of IMRT optimization with dose volume optimizer versus photon

optimizer in pediatric craniospinal irradiation

ZHANG Ping', DENG Guanhua', DAI Peng', LUO Rishun', LUO Longhui', HUANG Qing*
1. Department of Oncology, Guangdong Sanjiu Brain Hospital, Guangzhou 510510, China; 2. Department of Equipment, Guangdong
Sanjiu Brain Hospital, Guangzhou 510510, China

Abstract: Objective To investigate the dosimetric characteristics between dose volume optimizer (DVO) algorithm and photon
optimizer (PO) algorithm in pediatric craniospinal irradiation using intensity-modulated radiotherapy (IMRT). Methods DVO
algorithm and PO algorithm were used to generate DVO plans and PO plans for 15 patients who received craniospinal irradiation
using IMRT in Guangdong Sanjiu Brain Hospital from July 2018 to January 2020. The dosimetric characteristics, optimization
efficiency and monitor units of DVO plans and PO plans were evaluated. Results There was no significant difference between
PO plans and DVO plans in D,,,, D,,,, homogeneity index and gradient index of PTV (P>0.05). However, compared with PO plans,
DVO plans showed better D, and conformity index (CI) of PTV (P<0.05), and smaller volume of cervical PTV receiving lower
than 95% of the prescription dose (P<0.05). The doses received by the lungs, right kidney and heart in DVO plans were lower than
those in PO plans (P<0.05), whereas the doses received by the other organs-at-risk did not differ significantly between DVO plans
and PO plans (P>0.05). Compared with those in PO plans, the monitor units in DVO plans was increased by an average of 63 MU,
and the optimization time was increased by an average of 224 s. Conclusion The application of DVO algorithm in pediatric
craniospinal irradiation using IMRT can improve the target conformity, reduce the volume of cervical PTV receiving lower than
95% of the prescription dose, and may lower the incidence of tumor recurrence. Therefore, DVO algorithm is recommended for
IMRT optimization in pediatric craniospinal irradiation.

Keywords: pediatric tumor; intensity-modulated radiotherapy; dose volume optimizer algorithm; photon optimizer algorithm;

craniospinal irradiation

[ s B #312022-07-19

(EE&TB D A4 HRFFIES (2019A1515011943)

[YEE& BT akF, TR, AFFSE 7 18] : 28 i B P 3, B-mail: zhangping0406@126.com
[EBE1MEE P, TREIM, B 7 1]« R T A B B K I 2% , E-mail: huangqing@999brain.com



- 1461 -

e

[l

[l

FRHX R 22 R G R 14 % DL L SR B &
DL, K2 5 LB R 1Y 15%~20% . TR Ak
7 ORI RT 2 R R 22 R G R 1 3 R E R
Bt Aok G R L BE AR 28 3R G MR T Y
FEal=e HATLE 2 rPAKEOT E AR T B FE A
SIS IR 7 (IMRT) | 25 FRUTE % R 5 3% 38T R 97
(VMAT) Fl 5T 07 4567 0 B B BRI R
U2 IF & TARZ 3% IMRT iR Ak i 5k, b n )
AR B AL (Dose Volume Optimizer, DVO) &3 55
F 1t 1k (Photon Optimizer, PO) 531, PO B ¥ 1Y
e KA o502 45 2 Ak B a] i 45 R PO B4k
IMRT 4] ) 7 Bk 832, {5 PO 05 & il 5
JLE AR IMRT i RILAL , B A FHOCHESE . At
8 T I A G IT MR R 17 = REDVO
F1PO 4315 1 L 4 A IMRT ya 97 14, 37
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1 BAR5TTE

1.1 fmfl5E

PEHL20184F7 H~20204F 1 HFT 4 = JUBFHE B
IS 15 Bl IMRT JLEE S . HAR 5 541, 2 10415
I 3~14 % AR IS 8 2 s 2P KT HRIFE X (Planning
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1.2 #WHATE L

SR A EME , fAb - E2s 48, A S 1B e Sk
o028 R, A DA P PRI AR R [ 2, 0 ) o 3k 358
T FEEFNAR B . 22 7 SR T 20 2 K AL 72 1R i€ CT
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3.0 mm. KR4 DICOM 14 2 i ia 7 it 1 &R 48
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13.6309T IR RS, 43 Wi T2 T DVO A PO F7L 1Y
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Figure 1 Representation of point cloud structure model in DVO

algorithm
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Figure 2 Representation of point cloud structure model in PO algorithm
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G0 13.6 LA AAA B3 1R 250 2R DVO Fl
PO FEHATILAL , CREFHLAR HE LS AT IR SFE AL 8%
SR —5. 15 6L B H IMRT 3R] 4k 7 57 &
23.4~36.0 Gy, Hid 445124 23.4 Gy/13 7K, 2454 30.6 Gy/
17U, 941 36 Gy/20 K o AbTJ5 ZEsK PTV 95% 1AFL
it 100% &b J5 7 5 .
1.6 A IETR

THA L 3 T ) - B L T R 45 0 4 b
AR 25 . PTV H S 85 i i K
1 (D, ) L (D g, ) AT A /N £ (Do, ) 2K
PPAL S DX 40 A, DL RSB PTV IR T4k 5 71 i 1Y
RV FOREZ BRI S Gy IR, v, o4
2 AR 10 Gy BIIRFR . 51 AGE B FE 45 21 (CT, B
PR T 1, R i o A 18 0 B2 R Gy ) 3R 7 4R AL
(GI, B3R T 1, 57 & Bk v B BE ) A 2] Pk 48 £k (|,
A T 0, 3R B DR B o3 A B 4 20 ) SR PEAT TRl
i, CI.GUFIHITHE AR .

CI=TV,,’/(TV x PV) (1)
Gl = VSO%/VIOO% (2)
HI = (D, - Dy) x 100% /D, (3)

o TV, W32 40 7 FI A9 PTVARFL, TV AR X
R, PV R A T 70 B AR FR, V g, AR T ) 1 50% 1Y
TR,V o0, AT 7] 100% FIRRL, D, KAk 77l i
TN GRS TS B i B R S EGHET LR,
FLAE A IR OSUS I O JIERDOBCES 18 4 R 7 o
[T ERE A B A TSl B AL R ESORI G AT ]
1.7 &itZEFHE

K IBM SPSS 21.0 G284 74307, 1%
BERFE G IES Y, R M (01,03) £ox, R
Wilcoxon i fF S kKR . P<0.05 NZEFA G ITFE L.

2.1 MRFEHHSELLE

BRI A SR 1 TR, IR AL SR
TRI7 TR RE A U 3 i 2 95% 4575 1 il £& X PTV 1Y
B, 5POEMIL, DVO &AL A PTV
X[ D, Fl Dy, FHRL, 25 57 A BET 22 L (P>0.05) 5
Dy, A T, 22 7 A Geit 5 L (P<0.05) .

Fz1 BXFIESHELEIM (Q1,03)]
Table 1 Comparison of target dose parameters [M (Q1,03)]

e DVO & PO zZfH PHE

D,,/cGy 3669(3269,3870) 3828(3273,3864) -0.114 0.910

Dy, /cGy 3553(3010,3571) 3828(3010,3567) -1.250 0.211

Dsy,,/cGy 3727(3163,3749) 3713(3163,3740) -2.385 0.017

K3 R T 15 6 JLEE 4 HP X IMRT 3 K1) 9 5
HARALIA CLUHL AT G /N BRI S 7s Bdis A
R B MR 5% B, JHG v ] S (8 R 45 3R T 43 2K
70 Rl DAHZE o (1 4 20 SR 2R AR 95% ‘&4 X [|), T
SO R i g, AINMESEIERR 1A B B A S 1 %
IR E s % B sy . Hh DVO B85 i PO
AR Y CLE M 0.910.02 (5 [ - 0.88~0.93) FlI
0.90+0.17 (75 [ : 0.88~0.93) , GI {H M 1.96+0.34 (&
Ml : 1.36~2.61) i1 1.95+0.33 (L [l 4 : 1.37~2.56) , HI
K 8.11+1.92(F5 Bl :3.20~11.82) F1 8.60£1.79 (L [Hl :
6.2~13.24), 5 POfLFE AL, DVO L X
CIHEHER T 1, 25 A58 L (P<0.05), WFpiT
R PTV B GUFIHI 22 5% A Geit22 = X (P>0.05) .

1.00 P=0.015 15 P=0.495 4 P=0.825
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5
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&3 A5 X8 CLHI M GI# 5> F &
Figure 3 Violin plots of CI, HI and GI of DVO plans and PO plans
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2.2 MEPTVIRTF 95% & AFIEMEFR (VCPTV) &AL
W ESH L

T2 T IR AT VCPTV Bl AS Bk S MU
AFRIEAE R . 5 PO B EAHH, DVO B3k Hh #i B
PTV K T4b 77 700 5 0 AR BEE /N 38 T 35/ Bk (24
63 MU)  (HB AL AT ) R RSN, i (7 5538 in 1 24
224 s, ZEFHA SRR L (P<0.05) . R245R R
POBEARE S T R BE AL Tt Rlis B & 2k,
{HF B PTV AL T4k 77 95% 71 & (9 A FRBE K, 36 1T
B IX ¥ A MR 0 X2 B TE W B rh 0 30 B A
FEHIE AR 2 X

=2 15T RIAMEEN T 22 RAMELRIM (01,03)]
Table 2 Comparison of dosimetric parameters and efficiency
between DVO plans and PO plans in 15 cases [M (Q1,03)]

BRGE i DVO % PO ZfH P
VCPTV/em®  1.6(0.9,2.5) 3.0(2.0,6.1)  -3.180 0.001
BEEUMU  1404(1147,1457) 1341(1091, 1411) -2.442 0.015
eAkmtal/s  429(345,507) 205(158,223)  -3.408 0.001

4 W% 15 DVO PO M AL 5 1k 1 SR A
AT 700 2 A LA, B 6 50 o i R AR R 8 Dy A
75 74 36.0 Gy, (5,9 95% Kb 75 7 4 34.2 Gy, % i
FUHRITRIR A 7958 A, R FH DVO 333 i #0 IX I
T95% b T IR FRI /N T PO (0.1 5 1.5 em?)
T v e B R A A T A R R S A AR R BB
DA T 95% 1 Ak 7 381t 3K gt 8500 B A X5 i
EHEBIL
23 BRBEZBRAELE

P 3 B T AN A AR TR A R A7 B
it . DVO THRI7E fE K #4850 E(Dy,) 22l (V.
V  MID,,,) Aifili (V. V,, FID,,,) Fl 455 D,, ik T POt
R, 22 A G208 L (P<0.05) . PIAMRIAEZ: B E
JIE | SR AR FIHR A 9 D, 25 5 G013 L (P>0.05) .

PRI e A R A O AR B R AR MR L =
IR 1 B s 22 A VR T2 98 45 PP X R 22 R G2 R A

El4 1125 % A DVO A PO BIALL KM IMRT & S % [
Figure 4 Dose distributions of the DVO plan and PO plan of a patient
Pl 4a FIIE] 4d 535k 5 I DVO F535 L PO B35 Ry DX Ak 75 70 4 4 S R L 5 1] 4 RTTE] de 53531 2R Y DVO B33 R PO S35 ) BB
X7 5 b 5 750 B 4 AR AZ L 5 1) dhe RITTRT 43571 SR FH DVO 325 1 PO B35 4 S5 BRI IX 7 o Ao o ) B A o — il 7

HERT AP BR Z P02 i el 28 R G0 M 4 P RO T
A7 7 h 23.4~36.0 Gy, BAYK 9 1.8~2.0 Gy >,
T A KR DK I iR #8405 1] 40 em (B K
SPEFRSE, A AR TF A ZB0R FH 22 ol B, 3
h 2 FEOE SR A s B A — L
R TIT TAE B AAEIRZE J7 15 A e JEURT B A 42 A L IX
TR A A AN E Y RN S B S e e v R I ) 75 o v A
SURES ARG A A = RS R TR R — A A
() B, G TS S HF IR L ME B IE R, AT IR eSS, Y
X SRR BN TR 2Z 8], 50 0] RS BON %

s B I B . IMRT 3 %) A 5% ) DVO . PO &,
PRO %5 % Fh Al Ak 55 1 ] LA 58 IR X 88 [n) 1, IMRT/
ARC AR v GBI 1 Y7 51 RS A SCRIVE T, 2 &
il IE (R SRS ) 32 IR R

DVO B3k A% 845 2, 4 XD X PR 4 ik
SEBEALAL, R ZS s /N, il 2 AT, A
X IMRT/VMAT 330 — R H 5 87 88, 33 ik fl 1540
DX 12 43 A X AL 1R 25 B84 7 1R 25 1Y O M B
KRB ACHIF 5 H I X Sk S A B B B XK 24 3 em,
Fe2 em, F 29 2.54~4.98 cm, X TAAFRZ R 1 655 cm®
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R3 1561BEDVOMPOREMBRFEZELRIM (01,03)]
Table 3 Comparison of organs at risk doses in 15 patients [M (Q1,03)]

falin e  SH DVO & ik PO#% ZfH PH
LJIE D,,,/cGy 1491(1329, 1686) 1516(1329,2706) 23,124 0.002
JHFAIE D,,/cGy 1620(1262, 1695) 1652(1262, 1691) -1.874  0.061
Zefii - D,,/cGy 1666(1438,1910) 1713(1448,1903) 2.329  0.020
V% 40.15(33.36,49.72) 44.97(34.35,50.75) 23107 0.002
V,o/% 26.83(18.03, 36.48) 31.32(19.45, 38.59) 3,140 0.002
filili D,y /cGy 1784(1506, 1871) 1836(1477, 1958) -2.840  0.005
Vi/% 46.85(43.29, 48.97) 48.66(46.28, 50.43) 23153 0.002
V,/% 33.45(25.96, 37.28) 36.10(25.96, 38.64) 22480  0.013
%% D, /cGy 1729(1404, 1962) 1806(1404, 1897) -0.625  0.532
%% D, /cGy 1703(1376, 1970) 1763(1377,2126) 22329 0.020
LTZ D,, /cGy 409(348, 447) 408(351, 438) -1.341  0.180
HRIE  Dy/cGy 1603(1462,1907) 1669(1515,1967) -1.409  0.109

FROHE X SR E AR FRAEH /N, DVO B R S B
SRBESUT Z | PR 25 /N ) S 20058 5 T SR R T U
e Al 2t SR B A %o A 8 s A8 B T ) 94 A 4 )
U, 28 ST DX o A A . R OR FH DVO Bk
R AT T 290 B 0 IX AR T 95% Ak 77 1) 04 41 ) 4 IX 44
L, AT VPR B S A T 00 B A X A AR, A
TRk T 50 B L DX 422 Ach ) i JRUBS: . DVO B3k
PR AR AL SR AR p B 2 AR . ik PO
FYE A H, ASBIE S b 4 P X IMRT 3151 R F DVO 55
DAL I T AR R], 2498 PO B3 2475

ARFFFERAFAE LR ILA AR Z AL - (1) fir
AR ST DVO B TR B 1, PO SRR AL A
BER A (2) AR WFIE R B H A R O 2,
VMAT . TOMO Fl it FH AR 55 5 (3) % JEF] IMRT 5 Bf
2 JRyra i LRI P AT RE S A B
Bl PR UK N IR R 2236 K, R L A 5 1 IMRT
T80 17 2R P i JE e PR B2 SR %) d5c /0 S IBF Sk AR ARG HIR B
AR AR 7 GRS R T 3 A4S S 7 (HILEE 110° 1K f
0°, HLAL 250° K £f1 0°, L L HLAE 40° K F 270°) . FF 8
FER B 53 R 129097 s, SR 3 B (B4R 230°
F1130°) , 5 BP0 A5 A th A7 nl BEJ& IMRT %] 3 il
B 1 R DL 5 (4) AR5 v Sk 2558 Bt TS B AR
2~4 cm, BN BT R 0 se AR, T RE 4R
15 PO BIE A B IX A Ak ot o

JLEE 4 WX IMRT 1140 5% FH DVO 592 A R Ak
B PTV G4 J7 390 i i AR, AU e 2 i #1425 0k
B, A 0T RE R /D 2B X R R R N T s
B S) 29128 B T A9 A8 DX ) o A3 A iR 22, AR R RRAR 1)
TR 2R 58 R R [R5 ik ff ok . X T Eclipse13.6

A Ko LATF, #8C7E JL B 42 b AX IMRT 33 bk
DVO B AT AL o TXd T 15.0 A & A 1, i)
KHIEA A ZP L RER PO B AT oA

4 4 g

JLEE 4 X IMRT 1405k H DVO 5 1 4 1=y
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