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A new approach to model refinement in RapidPlan for predicting intensity- modulated
radiotherapy plans for cervical cancer

WANG Hanyu, QIU Xiaoping, YANG Zhen, TANG Du, CAO Ying
College of Nuclear Science and Technology, University of South China, Hengyang 421000, China

Abstract: Objective To propose a new method for refining the model in RapidPlan to reduce the workloads and improve the
model's quality and performance in predicting the treatment plans of intensity- modulated radiotherapy (IMRT) for cervical
cancer. Methods The data of 20 randomly selected cases of cervical cancer with approved and completed IMRT planning were
imported into RapidPlan database to construct a dose-volume histogram (DVH) prediction model, which was defined as the
initial model. Using the initial model, the IMRT plans of the patients were re-predicted to obtain 20 new plans, which were
input into the new database to develop a new DVH prediction model to serve as the refined model and also as the final model
for a particular disease. The quality and predictive ability of the refined model were compared with those of the initial model.
The major metrics in the training logs of the two models were compared, and the DVH and the plan quality parameters Vs, V.o,
and Di... predicted by the two models were analyzed using additional 10 IMRT plans for cervical cancer. Results The refined
model showed better training parameters than the initial model. No significant difference was found in the heterogeneity index
and conformal index of the target area in the predicted treatment plans between the two models (P>0.05). The dose of organs-
at-risk (OAR) was significantly lower in the refined model than in the initial model (P<0.05). Conclusion The refined model
shows improved model quality and predictive ability of IMRT plans for cervical cancer, and greatly improves the prediction
results of RapidPlan model with decreased workloads.

Keywords: initial model; refined model; RapidPlan; cervix cancer

i =

[We7m H#312016-09-29 =
(e Ay ) E8T, TERERRSEA:  BFSE 7T« P25 it E-mail: 499795714 20 20 % J ke 4 I 35 07 £ (IMRT) AR 257
@qq.com BRI R T R R IMRT 7] LU

[3& 1 £ | /N, E-mail: nh6651@163.com



- 158 -

Hh [ R B 2l

34

iffy b 7 DX B 35 TR 1 s 39 1, O HL AT AR KR
AR S S B R & . {HUE IMRT (2 72
R AR AR Z A e R filnitRiy 2
2 P A BRI ) T AR 2 90 B 4 5 e 3 3Rl i 7 o
o M R BT AR E Y B 3B R R AE IR
HRIZ AR RN E 2 8 AR X S
i A B A7 B AT, Py B AT AR 58 i T Bh AN
DB 14 8 AT S i i R SR, AN 2% 1 R i
(], SR AR AN — R e TR AN
T B 8hiT] (Automatic planning ) FUHEE , RIFR
TN I8 22 56 R0 R A N7 5 2 F B 14 9145t B AR
B 7 &, L RR S 3 S 5 AR 9 11 R (Knowledge-
based planning) . H:H 15 K 4% DVH 4 Tl 2 18 i
A B AR BRIV Y . XA TR
H B3 77 AT DAFE PRAIE R e 4 DX 5] o 3 i )
filh I, e B B A AR AT ] Bl e B e B Rt , DT 42
e TR o o DA B RS M AR ) AR
LA, U % &4 T RapidPlan 84 584 H 5] A
13.5 WUA 11 eclipse R4eH , SCBL T HIER X LA )
4] RapidPlan R {& — LR G PEIRTT R T A,
3 A N A R TR ) A AR R ) A% 2 5 A
I AR IR, 22 57 FH 5 IMRT FA R 53 5507 2 AR
H Al Wu 55 2 28 UE B3 o 7 e e R Y
B AL AR RS A I 5 e eg v MR 1) T 15 K
E B EARE . SR, B AT ST o an el i
BAUIE AT 225600 . s b A A 0 Rapid-
Plan 114 W RCRAT B AR K50 o iy LS — N 4f
(R RI X RapidPlan (195230 28 ¢ F 22, H Fir i A5 7Y
PR 7 2538 R 38 I A AR R AT B R R A
PAHEBRBAE 2 H TR, 3K 308 20 s AR A T R
JI . SR A7 A FERT K Had B 28, Ap-
penzoller &7 HEH T — i NG HRAAL " (%) )7 vk ilad F
TAB BB T HP 25 1) 25 %R A A AR T A
KK TABHEAIR TR, (HiZ0r R e 31
HVETE R A Rl o i AN AR e PR ) AT R AP AR

FRAT R — BT 0y PRk AL fRi Ak
TR 1) o B, i — 2D D R Y AR A T
) ot 1 A AN RSUE P ] I st AR A LI 8 T . DA
WA 37 RapidPlan 7EIf PR b 3#E) F18 .

1 BREFTE

1.1 EEEETT &
HEAL— ML BEHLIE IR | E 24 58 BUIMRT
T3 20 495 1 ) K530 12, 32 80 e vh s

73RS = S SNIEN 7 AAN 71998 o WA 7 2
ZEAA IR A BIASHY A RIS ()RS AR TR A Hp 7Y
YRR RILR LR R R A AR BN G ) A
A HERAT B A DL SN R S S A A5 A
B BINTCIRE R A BRI B L SR 5 R
BEAY A FF T 20 N A BIRYT I, 153 20 4>
B, AT AR PR R S A [
S5H8 I A A TR 5 15 B TR B, BT B ] A A
B, PSRRI AR I 25 2 BT AR 20K X 20 4 IMRT
THIAH I 254 5 50 PR TS N i 45 48— — DL L . %
AR SR ) L 7R b, TS0 R X BRI SR, 3
FUE N 100 DU IESE X Dos=Ab 77 7 4 Dx, 1 X /Y
i KAV Doe<110%D,o  HoAh 1 5 S 28 B Lk 2=
Hr4HR i RapidPlan H 8% & .
1.2 #E R E TN EE T

T H AR R SR AT DLl Y 2R S8R B 4 ) &R
B AR DA AR AR PEAL DT ECAE 3407 1R 25 SRR
fili o AR SO S AL A AATE A DT A A4 5158 22 5331
X 5S84 ST f TR0 B8 ) AT IPAN , L P R A R
TEAR VC B R TR AR ORI A AR 2
YR PRI O, X AMEE LR 0-1, A i (42
T 1R BRI AT, 2 B R T 1, s B 5
AU BRI G s 39 5 1 22 BRI s 1R 5 Ak 1R 2
) () 15 05 52 2%, e AR B 4 340 DVH A A 11
DVH 2253 , HAEHBAZT 0, B0 4 0 B 7t
1.3 FHiEmiE

R T UEAR BRSO VA A SR L FR
15000 B A B 25098 %) P RS TR 1) 505 P S 5 4 ()
TR PPAL UG FC(E R34 T iR 22, 0145 B DAl it 2
AR 104~ Er 8508 IMRT BRI M s i RIS E
JITA () IMRT 3R #0522t e I 697 78 i -4 .

A A FIASEAY B FiU 1) RapidPlan 43| 1] AP .BP
FR, FL# AP BP i DVH I L K 248 bR, R
B 20 B INE N I Sk DA L R N
A= PR 5 32 IR P  SA0 A R, Pr LA i
HEEEATTAS [RI50) 2 R AR B 4 L R4 50 1 3R
NN e ) TS NEETY DS ENE =3 AN
Jr B Sk B B ELA B0 B AR R < Vo Vo
X Do FEIXFE PR FH A X3 585 HI=(Do-
Dos) /Dy FIIETEFHEEL CI=(Vor-PTV ) /VisrX (Visrory )/ Ve
7, 3 Do Do 3 531 22 718 I8 IX 5 ) i TR IX e
INFIEE Dy AR T FHR 5 Vere I PTVAREL, Virery A2
ZRTTHE PTVAREL, Vo Az b IRl AR

T 5 o8, HHRIAE RapidPlan 58 U5 #E4 714



2

F#IT, 4. RapidPlan fFHBERL 5 78 5 508

-159-

— Qb PR H{d 95%PTV iiff AL 5l = . AN SCR A
SPSS 13.0 #4438t , 75 B SR L S- Y (Eehn i 22
TR, P<0.05 HESA GG FE X,

2.1 R RSN EE B EL B
BTSRRI AR B YIS B OSUI B
Jig 170N iy F) A 7Y R A PE Ak DT T B 43 1 4 0.768 5.

1.2
[ Imodel A
10 model B
-6 2
B os 5 Z *Z
€ 7
= — —
2 06
©
£
8 04H
o
2 0.2
£ 0.2

bladder femoral L femoral R rectum smallbowel
Structure

a: Whole estimation model' fit

Mean square error(1*10'2)

0.897 9.0.934 9.0.869 4 F10.887 2, #H HLAFL 1 A £~
BB AT 1, UL 1a. SEARIN T, A5 B (1) i 22
PLFRERY A BRI BYNZR S £ s B AN i 2
ITIRZE4r 514 0.010 7.0.018 6 F10.013 9, AH LRI A
AT 0, MRS 22 il B B3 iR 228
0.004 5, EARBIHY A YNZRS R 712574 0.005 9,
A ELAR T B S 23T 0, WLIE 1b, HEARTN S AR B 1Y
TN GE I LTI A

3.0

r [_Imodel A
251 gZZ) model B
2.0
15 - 7
1.0 -

N | P%

bladder femoral L femoral R rectum small bowel
Structure

b: Mean square error

| WAEBEI G SETLE

Fig.1 Comparison of training parameters between the initial model and the refined model

2.2 FFEEITNT R B F 22 L8

R A AL B 43 ) 00 B 10 A8 1) By S0 9
IMRT 1515 & Z 506 L i3k 1 7 : AP Al BP (1 #
X B 51 P8 BRI T 48 B B Ge i 24 22 5 (P>0.05) o
BP (14 B b - 2475 £ b APAIG 168 Gy, 5Bt Vi b AP
15 6.8% , JBE It Vo b AP A 4.3% 5 BP XU Ik B3k ) °F
501443 501 L AP 15 486 cGy F1 149 c¢Gy, Vo2 I
AP 16.0%F15.9% , Vo 73 31| lb AP 11 3.4% F11 1.7% 5
BP P17 F 54 b AP A% 124 ¢Gy, EL % Vo b AP %
4.9%, . Vi b AP 6.8% ; BP /Mg F- 445 & [ AP
i 85 cGy, H: Vi lL AP/ 2.6%, Vi lL AP 1l 1.2%., H.
i f 22 AR B Gei 25 L (P<0.05) .

B S OB R 10 A R G S 38
DVH 2 57101 2, 6 o BP AU I B Sk AR A7) A B
SREAIG, BP (B IE . B DL RN R R AR
WIS REAIG, = A AR RO AR I el

341 ig

A Shi TRl 16 2 4% DVH g A AN 25
P05 B OGR4, HEBR 7 AR 2

U E RS EYE . X — BRI 1 AR
THRI B I ) b R BE B B o 7RI R B . AR
A WESEIE BT S A v B TR e e A R R RE
ARSe (0 T H S AR 2 (RO A P o A R I
7 Z DR B9, REEEH 7 — A RE T 12 AN ) o 910 34321
RIS, 5 B el o — ) & R TR S 2 )
PP A R S e e o S I v S R e i e
FIAS AR S 2% , ARG o AR SCHR B A RS M 2 7
T 10 D R 3 1o R A AT PR I R L B
JEL TN S KE R AR i T BE F) o B T AAEA A
b P BN BT R T BB US4 BE I AL
PR, Al TSR A AR gD 1 AR T
Vit i [R) f SCh vy 1 R RL f) Jo B R FIUIN RE g o FAT ]
FH B S50 I R Bk 1275 3 A b, 45 2R R 48
A G A TR Joi - A TN BE 7 AT ) I A T A B
i, HLXF 10 EAIHE H 58 ity i IMRT R g F5100
HR AR AR I ) ) o AT T e 2 T
MR o AHNZ DT % AR —E R B TRy
WM AEAR . AR R s — Oy i eE TS
AREE, S m TR B, 5 — e A 3Rl r)



- 160 - s B B2l %344
* 1 EHEAERTINTRIAFIE2E 100
Tab.1 Dosimetric comparison of IMRT plans for cervical —— AP bladder
cancer predicted by the initial model and the refined model T ig ?;anf:r: L
80 - - - —BP femoral L
Group AP BP © — AP femoral R
< - - —-BP femoral R
S 60+ AP rectum
HI 0.11+0.02 0.13+0.03 o BP rectum
8_ AP small bowel
CI 1.01+0.07 1.01+0.05 g 20k BP small bowel
=}
Bladder E
20 +
Vil % 76.6+14.3 69.8+13.4
Vi % 52.4+19.5 48.1+16.2 0 T
0 1000 2000 3
Dyea/cGy 3 964+577 3 796+520

Small bowel

Vil % 33.0+15.4 30.4+15.0

Vil % 14.1£9.6 12.9+8.3

Diean/cGy 2 467+528 2 382+512
Rectum

Vi % 96.7+3.6 91.8+5.2

Vil % 78.6x11.4 71.8+12.2

Dyea/cGy 4 5124437 4 388+423
Femoral-L

Vil % 33.6+11.3 17.6+12.0

Vil % 5.846.6 2.4+3.9

D/ cGy 2 785+203 2299+249
Femoral-R

Va/ % 27.0+11.6 21.1£10.2

Vil % 4.6+5.8 2.9+4.8

Diea/cGy 2 6444213 2 495+209

AP: Plans predicted by the initial model; BP: Plans predicted by

the refined model; HI: Heterogeneity index; CI: Conformal index
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Fig.2 Comparison of dose—volume histogram of the plans

predicted by the initial model and the refined model
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