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Statistical outlier processing and dosimetric effect in Varian RapidPlan model verification

WU Hao, JIANG Fan, YUE Hai-zhen, ZHANG Yi-bao

Key Laboratory of Carcinogenesis and Translational Research (Ministry of Education/Beijing), Department of Radiotherapy, Peking
University Cancer Hospital and Institute, Beijing 100142, China

Abstract: Objective Based on the statistical diagram and parameter, to analyze and process the outliers in Varian RapidPlan
model, and to compare dosimetric differences before and after processing, and to compare the dosimetric differences
between model optimization with the manual optimization. Methods Totally, 80 preoperative simultaneous integrated
boosting plans for rectal cancer were selected to construct the model. The outliers caused by obvious reasons were firstly
corrected. The geometric outliers were detected by using fitting curves, Z-score value and Cook's distance (CD), and the
original plan were tested and processed according to different situations. The dosimetric outliers were judged and
accordingly processed based on the residual plots, dose-volume histogram, studentized residual and CD. The optimization
results of model before and after statistical verification were tested by 20 similar plans. Results The maximum outlier
indicators were significantly reduced by statistical verification (P<0.05). Compared with the original manual optimization
plan, any model of RapidPlan significantly improved the homogeneity index (HI) of target volume (P<0.05, with a range of
2.7%-19.0% ) and reduced the mean dose of urinary bladder (P<0.05, with a range of 12.8%-13.2% ). No significant
differences were found in the quality of plans optimized by model before and after verification. The differences in the HI of
planning gross target volume (PGTV), conformity index (CI) of PGTYV, CI of planning target volume (PTV), mean dose of
femoral head and urinary bladder were respectively 0.5% , 0.1%, 0.5% , 0.3% and 0.4% (P>0.05). Conclusion The
knowledge- based RapidPlan improves the HI of target volume and the protection for organs at risk. The adjustment of
model components based on the statistical indicators does not guarantee better dosimetric consequences.
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Tab.1 Comparison of maximum outlier indicators before and after

verification
Before verification After verification
Item
(n=80) (n=53)
Mean 4.51 3.98
95% CI 3.01-6.00 3.01-4.95
SD 6.73 3.51
Normality P<0.001 P<0.001
P value 0.002

SD: Standard deviation; 95%CI: 95% confidence intervals
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Tab.2 After excluding the maximum outlier indicator caused by
PTV-(PGTV+5 mm), comparing maximum outlier indicators

before and after model verification

Before verification After verification

Item
(n=80) (n=53)

Mean 3.21 3.13
95% CI 2.41-4.00 2.57-3.68
SD 3.56 2.01
Normality P<0.001 P<0.001
P value <0.001

PGTV: Planning gross target volume; PTV: Planning target volume

22 FIEZFEE

& 35 20 ) N TARAR A1 PR 11400 5 70 FH 56 0E i
JE LRI AL Y RapidPlan 15 22 [ 047 1 W0 6 HL 3
BRI 22 A1, 78 3460 (4 1L 15% ) I PRI Y PGTV Hr ik
BT Vi >0 B 50 1 #8243 901 0.14% . 0.01%
0.26% , i { FH AT ] — Ff 455 24 £ £k 1Y) RapidPlan 35k
RIEE T 107%40 77 7 S A, TR 2] T 20
Bl E S DVH A, BOER T A TR S PE
RapidPlan 3R] Z [A] (4 7] 225 25 57

BRSFANT R S5 R IR T Ay 70 i e SRR
JEC PR A AT 0 3 A v X6 R AR 4 b B AT
TER K FMIE. mZ ., SR A CD (H %4278 i & AT fig
FRES TR, 75 B — 2 a5 & A A T v B o B
IR A T B A

B UE 5 A TR 1) e R B S AU B IR S UE AT
(P=0.002) , HAfmE B E %A (R 1) . EHERRS T
PTV-(PGTV+5 mm) /= A= i fie K HHE G (% 2) , 5
R KBRS HUE I — 0 KRR, B AR {5
— 4% . AUNGET S BT, KR 5 AR AT
R B — B Sy L T A

G Hr R 3 MR ZH 1 J5 i R 11400 5 RapidPlan 1140
(R 2 25 S R B, TCIR AL R B et G i T4 30 iE
RapidPlan 7£ PGTV F1 PTV 54 HI LA K 5 Bt Dy 15
il 7 T AR A T AR g N TR (P<0.05) . #
Fe BRI, RapidPlan 1151 9 PGTV HI [ 5 4 19.0%
(I F H FNESE 5 AR TR ), PTV HI FEIE 23 51 K 5.0%
(B UERT) A1 2.7% (B0 UE5 ) , HYR W 107%40 757
FR 2 ALK 5 1717 155 I Do ) BT 1T 03910 35 5] 13.2% (562
WEFT) F112.8% (S UE)G ) o 55— 1, BEH 3k AY Dineen



- 652 -

Hh [ R A B A RS

$334%

# 3 RAIIFRTS RapidPlan 1K 5 R IGRITRIAHE B LA

Tab.3 Dosimetric comparison between original plan and RapidPlan optimized by the models before and after verification

Diear/cGy
Item
PGTV PTV PGTV PTV PTV-(PGTV+5 mm) Femoral head Urinary bladder
Clinical Mean 0.058 0.260 0.986 1.026 4397 1576 2 886
SD 0.009 0.009 0.026 0.023 39 169 223
95%CI  0.053-0.616  0.255-0.264 0.973-0.998 1.015-1.037 4379-4 415 1497-1 655 2 782-2 990
Before Mean 0.047 0.247 0.973 1.027 4402 1498 2505
SD 0.006 0.004 0.020 0.024 33 64 100
95%CI  0.044-0.049  0.245-0.249 0.964-0.983  1.016-1.038 4387-4 417 1 468-1 528 2 458-2 552
After Mean 0.047 0.253 0.974 1.022 4405 1503 2516
SD 0.006 0.007 0.111 0.017 31 30 64
95%CI  0.044-0.050  0.250-0.256 0.922-1.026  1.014-1.029 4390-4 419 1489-1517 2 486-2 546
P value P <0.001" <0.001" 0.191 0.911° 0.580" 0.093 <0.001
P, <0.001" 0.036" 0.737 0.162° 0.382" 0.135 <0.001
P; 0.802° 0.005 0.117 0.114" 0.524° 0.654 0.178

“was tested by paired ¢ test, and the other was tested by Wilcoxon test. P;: Clinical vs. Before; P: Clinical vs. After; Ps: Before vs. After.

HI: Homogeneity index; CI: Conformity index
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