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Feasibility of Delta4 for plan evaluation based on dose-volume histogram
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Abstract: Objective To discuss the feasibility of Delta4 for dose-volume histogram (DVH)-based evaluation in plan verification.
Methods Taking the three-dimensional (3D) dose reconstruction method based on log files (using Mobius FX™) as a reference
method, we applied Bland-Altman statistical method to analyze the agreement of 3D dose evaluation method based on Delta4
and the reference method in the verification of volumetric modulated arc therapy for cervical cancer and nasopharyngeal cancer
(NPC), and to evaluate whether the two methods can be mutually replaced, thus demonstrating the feasibility of Delta4 for the
DVH-based evaluation of radiotherapy plan. The indexes used in Bland-Altman agreement analysis included the mean and
standard deviation of log files reconstruction dose and Delta4 measured dose, treatment planning system calculated dose and
Delta4 planned dose, which were also used to draw the mean-difference scatter plots, respectively. Finally, the agreement of the
two methods was determined by the scatter-point distribution interval. Results In the NPC agreement analysis, 99% of measuring
points between log files-based reconstructed dose and Delta4 measured dose, and 97% of measuring points between TPS calculated
dose and Delta4 planned dose fall within the 95% confidence interval (CI) in mean-difference scatter plots. In the cervical cancer
agreement analysis, log files-based reconstructed dose and Delta4 measured dose, TPS calculated dose and Delta4 planned dose
had 95% of measuring points within the 95% CI in mean-difference scatter plots, which indicated that the proportion of
measurement points outside the 95%CI was within 5%. Conclusion Delta4-based 3D dose evaluation and log files-based 3D
dose reconstruction are in a good coincidence and can be mutually replaced. Using Delta4 for DVH-based evaluation is feasible.

Keywords: cervical cancer; nasopharyngeal cancer; volumetric modulated arc therapy; Bland-Altman statistical analysis; Delta4;
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1.1 & ARt

PEHL 2016~2017 47 H R 22 HHE 15 B 42 32 25
FUR SRS (VMAT) j697 CR A BLHL %2 RapidArc™
AR 1 20 B3] E 2509 A1 8 {51 S W R VMAT 1], #82 X
£ Ko B Y RN DR B A 1A 720 T G v S U 5 i e
X (GTV) £ 45 J5 & 4 (GTVnx) Fl 55 7% ik 10 2%
(GTVnd) , 435146 5 F1 3 mm VE Ry i-5) 5 & k401X
(PGTVnx) FITT4 bk LL 4548 X (PGTVnd) ; Il AR HE X
(CTV) A4 & /& X (CTV1) Al B B8 5 X (CTV2),
B H AN 3 mm #3231 %) #8 X (PTV il PTV2) ,
PGTVnx:5 992~7 040 ¢cGy,PGTVnd:5 950~6 996 cGy,
Sy 28 KIRAIAIT Y fa A E AR HE S N T .
TR AR SE . B AL TR i 4 600~6 000 Gy,
H 2 YR IR R 200 Gy, 5 M g B A0 45 e bk
HW o NaAE . At it 7 B L Eclipse
TPS(11.3 f) bik4T, IRl AAA Bk, i1
B LK R 2.5 mm, SR IS AR R %
Trilogy 6 MV X 514k . RapidArc %1 5% W9 it
EE— I 181°~179° B ANIGHITEF 179°~181°)
h TR AT REIE A I R 2Z ] T A T AR A0
S 10° (B —A~0) F1350° (5 A5 .
1.2 Delta4 5 ZLE1E

TSR 20 1) S5 AN 8 491 SRR VMAT 3-%11%%
15 Deltad FEFUAAR A EA 770 115, B 45 R 4D
1A B RT Plan.RT Dose LA & J5 %] B9 RT Structure
5 A Deltad 1 #E 17 37 97 17 19955 N R 8 T f2 R IE
(Quality Assurance, QA ) , Deltad 1% £5 £ 2 i —Ht
A R BB A 2L, AL 1 069 A P AL [ AT TE
e SRR , AR AR 20 cm>x20 em ™, S T
B P A VN e 5 S 1 — S0, 7 T A 20T S

Deltad JEATRCHE . I 58 ] Z )5 Deltad P B H) =4k
FRE ARk 2 45 AN R S5 A R 52l DVH, AR 415
Fp I DVH 5 150 DVH , e B0 N 4 7 27 8 AR
RHATHEFE (1), Horh Dos I8 95% 1A 52 21 11
HRARGR L, DLt

R1 SHEMSEETXIENAFEFITNIER

Tab.1 Dosimetric evaluation indexes for cervical and NPC plans

Plans Structures Dosimetric indexes
Cervical cancer PTV Dos, Des, D,
Rectum Dss, Dso
Small intestine Do, Dso
Bladder Dss, Dso
NPC PGTVnx Dss, Dos, D>
GTVnd Dss, D2
Brain stem D,
Spinal cord D,
Left and right parotid gland Ds,

NPC: Nasopharyngeal carcinoma; PTV: Planning target volume; GTV:

Gross tumor volume; PGTV: Planning gross tumor volume

1.3 hniE=E B EXHS

M AR S SR B, I 23 P 50 ms Ay [E]
B iC 5% — K MLC M A 45 B IS AR A H 2 5C
1, SCHF A% I A Y — 3% Hf ASCITF4F 1, 31T
T B {5 B Mobius™ #X 4 (Mobius Medical Systems,
Houston, TX) >k X H i 17 43 #r 5 % 48 #2 B .
Mobius™ #2f: 43 5 Mobius 3D Fl Mobius FX 1 JC 5
P, Mobius 3D fig F| H [ 47 # CCC 5 7% (Collapsed
Cone Convolution) %f M TPS _F A& 33 mitHXl st =
Y E ™ 5 1M Mobius FX U XHZTTHRIIAT 7 5 7™
A B AR H AR SO AT BT, 42 B0 A TE S PRI YT
IR MLC A8 LA B 45 A5, i IR
SRR TP T 2 5 AR R R 2E
1.4 GitEoai
141 THXMES T KA SPSS 17.0 8 A%F 7 i X
Mobius FX fift A H i SCF45 21 5 B8 55t 71 52 A1 Deltad
S TPS T4 57 2 Fl Deltad T ) 2 64 T AH G
PR AT T e 4855 W3R 1) , AR 48 B IR BRAHE R B (r)
(1) v AP R 0 B B AT T 22 ) g A G P i 55 2 B (r<0.3 3R
RIS, 0.3<r<0.5 R 5IHHE, 0.5<r<0.8 FRoR
HRERR G, >0.8 FRARTRAH ) .
1.4.2 Bland-Altman —Z[% 47 #7 Bland-Altman 7347
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2.1 XSS

20 141 ‘B 59 A 8 5] B W R VMAT it X 28 i
Mobius FX fift 1 H & 3C {4 il Deltad 52 TPS 15
5 Deltad 10 4K 45 504 4> 550 5, HF 500 5 W
%2,

<2 20 51 HE AN 8 HSMRE VMAT i+ XIE R EIEMNRHR NSRIMFETE RIFEE(Gy, Txs)

Tab.2 Doses in VMAT plans with different evaluation indexes for twenty cases of cervical cancer and eight cases of NPC (Gy, Mean+SD)

Plans Structure D(.)simetric TPS calculated dose  Delta4 planned dose  Delta4 measured dose Mobius FX
indexes reconstructed dose
Cervical cancer PTV Des 46.55+3.22 48.15+3.88 45.55+3.52 47.55+3.29
Dys 47.54+3.29 49.40+3.97 47.20+3.66 48.66+3.36
D, 54.72+5.65 59.30+6.11 57.71+5.72 56.39+5.78
Rectum Dso 41.24+5.38 45.83+5.86 45.58+5.05 42.47+5.25
Dss 45.35+4.80 50.42+4.38 49.06+4.19 46.53+4.78
Bladder Dso 37.2244.48 37.89+4.44 37.14+4.30 38.45+4.57
Dss 44.31+3.94 46.09+4.41 44.67+4.21 45.59+3.92
Small intestine Dso 19.46+6.40 29.59+5.25 29.11£5.02 19.94+6.48
Dy 26.41+4.48 34.94+5.11 34.22+4.93 27.08+4.53
NPC PGTVnx Dss 61.19+2.57 53.01+2.15 51.08+2.02 61.66+2.68
Dys 62.06+3.14 53.82+2.49 51.89+2.25 62.84+3.05
D, 67.38+4.34 58.67+3.52 57.44+3.19 69.30+4.43
GTVnd Dos 58.41£12.16 47.11£8.66 45.89+8.19 59.70+12.50
D, 68.03+4.38 57.42+3.42 56.38+2.79 69.19+4.10
Brain stem D, 43.63+4.84 38.89+4.17 40.68+4.15 45.73+4.99
Spinal cord D, 27.16+3.05 26.18+3.55 26.79+£2.74 27.78+3.12
Left parotid gland Dso 29.06+3.67 27.14+3.28 29.02+2.89 29.86+3.60
Right parotid gland Dso 28.63+4.19 26.77+3.36 27.61+3.27 29.43+4.14

VMAT: Volumetric modulate arc therapy; TPS: Treatment planning system

F3JBIR T 20 ) S50 N 8 51 EL A 9 VMAT 1
K] 2 Mobius FX fi# #7 H 75 SCHF 45 21 19 BE 5 570 &
Delta4 5251 2\ TPS 11585 & 55 Deltad 50 1 1 25
BT BT AR A AH O R BB R PAA
2.2 Bland-Altman —Z &5 #7

4355 Mobius FX f#bT H 2 SO 31 ) BE S5
1511 Deltad SR & TPS $153.57) & F1 Deltad Tl 7] i
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Tab.3 Correlation indexes between Mobius FX reconstructed dose and Delta4 measured dose, Delta4 planned dose and TPS calculated dose

in VMAT plans for twenty cases of cervical cancer and eight cases of NPC

Cervical cancer <0.001 <0.001
Dos 0.87 <0.001 0.84 <0.001

D, 0.97 <0.001 0.96 <0.001

Rectum Dso 0.86 <0.001 0.89 <0.001

Dss 0.84 <0.001 0.86 <0.001

Bladder Dso 0.94 <0.001 0.93 <0.001

Dss 0.93 <0.001 0.91 <0.001

Small Intestine Dso 0.69 0.006 0.70 0.005

0.006 0.007

F4 205ISFEEH 8 5 EMEEE VMAT %) Mobius FX F 78 Deltad ST E . TPS HEFIE 5 Deltad TN £ B EEFI9E . EE
FREER 95%—BE AR
Tab.4 Mean and standard deviation of the differences and the 95% confidence interval (CI) between Mobius FX reconstructed dose and Delta4

measured dose, Deltad4 planned dose and TPS calculated dose in VMAT plans for twenty cases of cervical cancer and eight cases of NPC

Delta4 measured dose — Mobius FX
Cervical cancer 9 4.9 11.74 -7.83
reconstructed dose

Delta4 planned dose — TPS calculated dose 12.82 -4.19

IR 2550 2%, [l T DVH BYTHRIE A7 A9 E N AMESESCIE D

REMG TR TR A e FEstE . HRTE AR Bland- Altman {25 — B i F— Z M PF O 9 G2
it SCHR[ 14-15 132 W] Delta4 “‘éﬁJZN“ T VMAT RN 5k, B R DU — R 5 R A 2 AR,
Jids  {H ik Deltad X 1150 647 DVHIFA R G EIET] RIS 25 #2223 AARIE , )T 2 At vl A
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Fig.1 Mean—difference scatter plots of Mobius FX reconstructed dose and Delta4 measured dose, Delta4 planned dose and TPS

calculated dose for cervical cancer
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