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Analysis of sensitivity and specificity of PerFRACTION system based on log files

YAN Huifang"?, LIU Hongyuan?, YANG Zhiyong?, LI Qin’, HAN Jun? NIE Xin?, LIANG Zhiwen?, ZHANG Sheng’
1. Department of Radiation Oncology, the Second Affiliated Hospital of Zhengzhou University, Zhengzhou 450000, China; 2. Cancer
Center, Union Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan 430022, China

Abstract: Objective To analyze the sensitivity and specificity of PerFRACTION system for volumetric modulated arc
therapy (VMAT) plans executed on Trilogy accelerator, thereby obtaining the diagnostic efficacy and gamma passing criteria
of PerFRACTION system for the dose verification of VMAT plans. Methods PerFRACTION is a real-time online dose
verification system that could calculate the three-dimensional dose distribution through muti-leaf collimator log files, online
field image data and convolution/superposition algorithm, and automatically generate dose volume histogram and gamma
passing rate. Two groups of VMAT plans for different anatomical sites were randomly selected in the study, and each group of
plans included original plans and modified plans with the introduction of random errors. The sensitivity and specificity of
PerFRACTION system were detected on original plans and modified plans. In addition, two groups of the same plans were
tested by ArcCHECK phantom, and the result was taken as a reference. Results The dosimetric analysis on original and
modified plans were performed with gamma criteria of 3%/3 mm and 3%/2 mm. The gamma passing rates of original plans
were above 98% and 95%, which met the requirements of AAPM-TG218 report, and some of modified plans were also above
98% and 95% under the same criteria. Therefore, the errors introduced in modified plans were not detected, indicating that

the gamma criteria was not targeted. The study aimed to obtain gamma passing criteria with high diagnostic efficiency for
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specific diseases in our cancer center. Based on PerFRACTION system, the areas under the receiver operating characteristic

curves (AUC) of head and neck VMAT plans were 0.86 and 0.88, respectively, and the corresponding AUC values of pelvic
VMAT plans were 0.76 and 0.76, respectively. Similarly, based on ArcCHECK phantom, the AUC values of head and neck
VMAT plans were 0.97 and 0.82 under the gamma criteria of 3%/3 mm and 3%/2 mm; and the corresponding AUC values of
pelvic VMAT plans were 0.98 and 0.86. Compared with the verification results of ArcCHECK phantom, ROC analysis

showed that the gamma criteria (3%/3 mm, 3%/2 mm) of PerFRACTION system were suitable for the analysis of quality

assurance (QA). The gamma passing rates of head and neck VMAT plans were 98.80% and 96.32%, respectively, and those
of pelvic VMAT plans were 99.62% and 99.36%, respectively. Under the same criteria, PertFRACTION system had a higher
sensitivity and specificity. Conclusion PerFRACTION system is reliable as ArcCHECK phantom and can be used to detect

random errors. With the properties of convenience, real-time and highly sensitive, PerFRACTION system has greater

advantages in monitoring daily plan transmission and plan implementation.

Keywords: PerFRACTION system; log files; gamma analysis; receiver operating characteristic curve; sensitivity; specificity
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Fig.1 Dose curve of target areas and organs—at-risk before and after modification of head and neck VAMT plans
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Fig.2 Dose curve of target areas and organs—at-risk before and after modification of pelvic VAMT plans

1.3 MLC HE XX 1§ HIFKEL

Jlf VMAT 1 30) F8 e i1 300 12 4 22 i 3 4 44
17, i Trilogy ( Varian Corporation) fill# #5 iC 5% SR & 1R
St R H AR SO S MLC AR B IR YT IR AL
IR A R R LR kLSS, PerFRACTION
F 50 n] SRR & MLC {5 8 09 B 25 S, # A B
ARSI N = 4R o0 A
1.4 PerFRACTION % % # ArcCHECK # 4 i1 X1 38 1iF
HI 54

PerFRACTION F 4t Il i 1) J5 i 1140 5 2 B e
PRI i, 29 515 Eclipse H T35 A9 U 4 3l 570 &
HHEAT vy o0t , 2% R R Y B K 5 218 5
iz 45 (American Association of Physicists In
Medicine-Task Group 218, AAPM-TG218) "', AHf5%
K I 3%/3 mm . 3%/2 mm [ y 38 bR v 53 5045 R
[ 8 br ol Tyl % . [ R LT ArcCHECK 5%
FHRR ] R st 7732 o



4

I

= A T H R SCEEST PerFRACTION 2 55 (14 A5URKG B Fige e

- 407 -

1.5 HirEDHFAE

f# | GraphPad Prism(version 5.01) &4 %t y 38 i3
BT 0T, v il R AR E2E R oR . SR HTHEC
Xt e T s, P<0.05S R ERBRITHENL ., %
R TAERHE 2 (ROC) 43 1 s 0 T i AL Bk 12
Wi A, BLLE R TR QA AR iR Al g ) S B
', ROC #Zk T i #L ( Area Under Curve, AUC) T
WiLWraihE, AUCTE N 0.5~1, AUC {EBHEIT 1,12 Wik
REAS R o BIUER R BRIV TE A 0 W AR RE %, R S 52 D
IEBR AW R N RO . ASBIF o rh , RURRE 35 7F
153y ARE T B SO s R 25 R0 L
RS B MR R 7R AR UE T, 78 B R 15 v B A
R ICR TR L . BB T e R AT
R B DU SRS R AG . ASBIFSY 45 SR AE MedCalce
At (Version 18.2.1) HSEHR il 1 27 G 43 B LU A y 38
b P B R AR S Y e ) y 3 R A S
1t ARUE , B 3F PerFRACTION 2 45 1 SR 3 1 5+

BE T4 AN R B2 VMAT T3 1 38 i 32 109 J
M i AR

2.1 PerFRACTION &% #0 ArcCHECK KN 2 45 R
T

Eclipse " J& 45 11 %I 89 7 & 55 /1 o0 ol 5
PerFRACTION Z 4t I 2 f ArcCHECK A5 A ] 5 %)
JE e R FAE S-Sl (4 50 53 A ATy o3BT, AT Al
RUF

1E 3%/3 mm Fl 3%/2 mm & y 2> B 45 R,
PerFRACTION 4t J5 4R 1H40] 1) y 38 3 6 H45 7 98% Al
95% LA BB RIZERIFE PR HE T, 3853 7E 98% Fil
95% AT, #8437 98% F195% LA I . ArcCHECK #%%
RIR RN . R, B SO R 5B 25 97 K AE
i e, AR Ty R AR EAS AR X B
BrEdE Wk 1.

R1 y BRI (%, 5+ 5)
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