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Successive multi-fractionated autoplanning for nasopharyngeal carcinoma based on the first
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Abstract: Objective To evaluate the feasibility and efficiency of multi-fractionated autoplanning on nasopharyngeal carcinoma
(NPC) with Perl-based scripts in Pinnacle treatment planning system. Methods A total of 14 NPC patients were selected, and
4 sets of simulated CT images (CT1, CT2, CT3 and CT4) for each patient were derived during the treatment. Each radiotherapy
plan on its first set of simulated CT images (CT1) was manually created according to the prescribed dose to target areas and dose
constraints to organs-at-risk on Pinnacle treatment planning system (version 9.2m), while the setting of objective functions on
the manual plan were read with Perl into scripts of Pinnacle planning system and applied for autoplanning on the 3 successive
sets of CT images (CT2, CT3 and CT4) of the same patient. Manual plans based on CT2 were executed by 2 radiation physicists
with experiences less than 1 year and more than 5 years, and the plans were grouped into Ma and Mb. The paired ¢ test was used
to evaluate the time for manual planning and autoplanning. In addition, the feasibility of manual planning and autoplanning were
evaluated by an experienced radiation oncologist with experience over 10 years. Resulis For the automated plans based on CT2,
CT3, CT4 and manual plans from Ma and Mb, the planning times were (3.358+0.490), (2.837+0.340), (2.754+0.270),
(43.169+8.980), (39.088+13.210) min, respectively, and the percentage of the number of clinically available plans were 78.6%,
78.6%, 71.4%,78.6%,78.6%, respectively. The autoplanning significantly reduced planning time compared to manual planning
(P<0.05). Conclusions The automated plans based on successive sets of CT images for NPC can be achieved using the auto-

programming based on the first set of CT images with Perl-based scripts. The application of autoplanning not only saves planners
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plenty of time but also guarantees the quality of planning, providing an easier and quicker approach for multi-fractionated

radiotherapy planning for NPC.

Keywords: nasopharyngeal carcinoma; intensity-modulated radiotherapy; autoplanning; objective function

ke

]

[

AR SRR YT B TR KR PR R YT
(IMRT) 7E B N & 73z b 1T K 2 80 5836 97
o, IMRT 7E 2 i35 52 44 i I 8 DX 59) 3 T 114 ()
B, A 80k D TG S R B SR, RO
IRIT ST R0, T — 20 e FR s i AR A e 7
(2T T3 IMRT 33, JC R AT R IX A 2 s
K An B RZ 1) S, 2 — P IR BT AR HoAN W
A R FERT K HAA 5 ™ . Ak, o TR
Z= B X 5 e M 2% B B9 ) 2k B AR 4, R 2
200 F B AT P I BT 2 iU DL
A R4S B — > e L sl 3 e A B T R
I, WF2E A B A BT & IMRT %019 B sk 372
¥, DR SR iR . B AN A e it 5
i & g I R GEAS 3T A Shoy Rl i i
TH, IFUE BT 7 2 0 T AT PR 4 HLURT LR R 4 v 4k
LS MR B R T, C++iF 5 Pinnacle 11
I RGA LS G 3547 5009 IMRT H 34, w] LR
RIS TEs R 5o, SCER(17-18 136 W, S
FETEFEA T i B v S IX — A B 4N, fe I
aE W S AETE AR S A5 AR AL IR YT R R R TR AR
FG TR s W N . oA T g N X Y
S S L R/ i S A B A2 RGR i, E AT 2 03Ik
PR IR TR A

ASCHMA A FEFH KNI T Perl 15 5 BT 5
Pinnacle 714 RGIALE & i A=X B bR T , i
A7 ELRIEE ) 22 70Uk B 31 IMRT %31, B [a]— 5 4 Y
Ja 822k F BRI TP i SRR

1 MB5TTE

1.1 CTEgG&ER

PR 2014 4% 7~9 F FE A8 d48 s 2= B ia i)
W12 G W i S5 14 9], 4R 1% 21~50 % (HP (L 4R 1% 45
), o B 1341, 2 1], R AN RFLER CT-
sim $4 , BUPEM , 78 5B & 1R 7 A IR #E 4T 4 I CT AR
PLE S A, 4 31815 S 467 AT (CT) 80T Rl
(CT2) . JCIF #4535 5] 40 Gy I (CT3) HCIF 45 R
(CT4), CTE% /L% 2 Pinnacle3 (7R 9.2m) ¥ £&
g0, A TR X RIS B B 2 ], SR JE A TR
1.2 EXFNERKEE DE

Il PR k7 2 0 B CT R MR B v , AR 4 44 i
9o 15 [ s 71 ) 1o B 1K ) o g R DX R O D
b ek PR DX L R 00 2 A e T8 45 2 B et A B
I R HE DX o 8 IX ] 52 DS AR 3 mm A B A 1 Y
GTV.T P, CTVI P, CTV2P. GTV NL P,
GTV_NR P.CTV NL P f1 CTV_NR P, i {¥] &
Ko AL HE A A7 I B (PG_L A1 PG_R) | i T
(Stem) A #fi(Cord) . A= 47 1A (Lens_L Fl Lens R) .
ZEA A2 (ON_LHION R) A132 X (Chi) %,

1.3 &7 AKX

TG IT HLA 0 B B 22 B3k 28 /] /Y Jin 2K 25 Synergy
™, 3697 7 - B3 6 MV OE T IR5R T 5 5 HF
7 18 43 591 [ e 44 210°.,260°,310°,0°,52°,104°
156° , W) 4 St B A CH 129 4 s R 97 40 33 U it BT P Ak
FHN HIEALER S E 1L (DMPO) , 41 4 B Kk AR vk
S0, BRI IR 10K, oK FHEFEL 501,
F/NFEFIRIAR 9 om’ DA S e/ VT EF BRI 9 MU,

1.4 BXMFIEERNERFEMNFERFEK

HUXGRE GTV. T P %R Des>6 996 ¢Gy,CTVI P
F 3R Dos>6 072 ¢Gy, CTV2 P % K Dys>5 610 cGy,
GTV_NL P/GTV. NR P % K Dy,>6 600 cGy,
CTV_NL_P/CTV_NR_P %K Dos>5 280 cGy ; Stem FR{H
D,..<5 000 ¢Gy , Cord FR1E D,.<4 000 ¢cGy,PG_L/PG R
FR{H V3<50%,Lens_L/Lens_R FR{H D,.<500 cGy,ON L/
ON_ R BR{H Dyar<6 200 cGy , Chi FR{H Dua<6 200 cGy,
1.5 IATR

Perl 1% 5 5 Pinnacle 71X R G A LS A B A
HEhEFET . BIAS N 2E BARGAE - (1) VIBR IR AR 5 1%
EHEPOM; (O 58 EAMRNSE— 55N
s (3) BB I BT 50 | R B RIARCEE 5 (4) 1R R i i
SR DA AL 7 R A (5) IR B SRR AR (6) I kAR
U A X B 280 (7 S A HAR RS (8)
A= B DVH AT iR
1.6 Fi&

TEE K CT HF 51 (CT1) | F 1588 IMRT it
RNV, BoE FE XY H AR RBC (K 1), [R5 5E Fir
A G K A% B R BRI ER B B AR R gL 7E 14 Bl A
) CT1 I Fah AWl A it 25005 , e AT
Bl PREZE SR B ), IFR ) 58 S 1) B FR R
B & SHE ANA SO, [FEPE CT1 L IMRT 3



- 1388 - Hh R B2 3546

A XA B N PR S AR R AR DT R R
RIEUB SR B NG A A S M
Perl F2£ /3 3 HUBIA SR 78 R —Se s oL T, A

A AR R R 1 A 22 CT2 .CT3 MICT4 L)
PRI, 91 B sh B DVH Zods Fit- R it el J5 22
20 A RIS E 1R,

#1 BXPMBERRBRESH

Tab.1 Set—up parameters of objective function for target areas
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Fig.1 Procedures of successive multi-fractionated autoplanning
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CT2 .CT3 FICTA 1 14 B HIRPE-S4 H S A TE
15A(3.358+0.490) . (2.837+0.340) F11(2.75440.270) min,
Ma 1 Mb 3 F CT2 19 °F ¥ F T & 3 1 X o
] & ( 43.169+8.980 ) A1 ( 39.088+13.210 ) min , 4N
278, MaFlMb HF AL E S5 R (4.6+1.8)
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#2 146055 CT2.CT3.CT4.Ma, Mb KI i (LAFE) &
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Tab.2 Optimization time and average optimization time of
CT2, CT3, CT4, Ma, Mb in 14 cases (min)

Case CT2 CT3 CT4 Ma Mb

1 4.300 2.930 2.800  51.650  68.150
2 3.567 3.633 3250 50917 37.800
3 3.800 2.767 2700 37333 36.133
4 4.167 2.567 2.583  31.700 27.983
5 3.483 2.950 2.600  40.083  59.733
6 2.850 2.450 2483  31.183  48.150
7 3.183 2.417 2.517  40.533  28.200
8 2.783 3.400 2517 52717  26.250
9 3.183 2.517 2.600  38.617 24.983
10 3.317 2.833 2733  28.500 50.783
11 3.017 2.800 3.117 53983 35233
12 3.333 2.700 2717 437700  42.233
13 3.417 3.017 3267 50983  30.067
14 2.617 2.733 2.667 52467 31.533

Average 3.358 2.837 2.754  43.169  39.088

22 RATITHE SRR E
14 15 ) 1 T T3+ %) (CT1 . Ma . Mb) #1 B 351t
KI(CT2.CT3.CTH) IR IR AT AT an 2 3 s, CT1 .
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CT2.CT3.CT4 . Ma Mb 1EIf IR I b FH AR N
71.43%.78.57%.78.57%.71.43% .78.57%*H178.57%
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Tab.3 Clinical availability of manual and automated plans in 14 cases

Case CT1 CT2 CT3 CT4 Ma Mb
1 x x vV x x x

2 v v v v VvV
3 A A A Y,
4 vV v vV x vV
5 x x x vV x x

6 v v vV vV VvV
7 A A N Y
8 v v vV vV VvV
9 A A N Y,
10 v v v v VvV
1 <V VY
12 vV v vV vV VYV
13 A A N Y
14 < x xx x|«

Results/%  71.43  78.57 7857  71.43 7857 7857

V- Clinically available; x: Clinically unavailable
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Tab.4 Paired ¢ test for manual and automated plans

Plans Ma Mb CT2 CT3 CT4

Ma / 0.977(P=0.345)  -17.610(P<0.010)  -18.431(P<0.010)  -18.365(P<0.010)
Mb / / -11.021(P<0.010)  -11.046(P<0.010)  -11.048(P<0.010)
CT2 / / / 3.600(P=0.030)  4.701(P<0.010)
CT3 / / / / 1.113(P=0.284)
CT4 / / / / /
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Fig.2 Positional relationship between planning target areas and brain stem on different transverse sections (GTV_P, CTV1_P,

CTV2_P and brain stem marked by orange, green, red, blue)
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