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Fig. 1. Coronal and Sagittal image of Single isocenter
plan for double vertebral segment SBRT
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o] 9]z & Helo H}E} AAEA A A (Clinical Target
Volume, CTV)S A43sl4r) A2 A4E24(Planning
Target Volume, PTV)% CTVol 0 mm oA 3 mm o<} =}
218 gsto] AoJsgict, #AMA(Coronal plane)S 7]
+0 & FA%(Cranial) ol 91218k PTVE PTVI, 2
?](Caudal) W&ol $Ix]3t PTVE PTV 22 AOl53T
2z pTVO] 9] U o} HFEEO 2 5 mm of|A] 6 mm ZFA] 2
AL A9 3131, 422 PRV(Planning organ at Risk
Volume)= 2> A Aof 2 mn S &451o] YAl om
PTVellA PRVE A9t Al12e A5 Al=ol| A&,

2. X2 A|AH

E o)== Dual-layer MLCE 7215t Halcyon®(Var—
ian Medical system, Palo Alto, CA)Z} High Definition
MLCE A2Fet Truebeam®(Varian Medical system,
Palo Alto, CA)o] AFEEQIt}. Truebeam®] High Defi—
nition MLC2Q] 7% gt =0 & JLAE]o] 9)om MLCY
7} F2 69 mm O] =7 2 2.5 mm &] Yol & KRl & A+t
of] A& YA 6MVE] FAE DI 1744 (Flattening
Filter Free, FFF)oA] 1.36%2] 4 AL epdch =
3 MLC 99 £5+= 25 em/s2 A5, Gantryd] 5%
+ 1 rpm(revolution per minute)o|t},

Halcyon®] Dual-layer MLC9] 7-¢- 0]50 & o]
T2 o] FaL glom, 7} 58 MLC7H H] 2 g4
P o g ARREo] Y GO HolQl 10 mm o] M= o] 5
mm 2] Wol& 7} 4= Qlrk MLCS] ZF 2 77 mm 2] 7|
& ol 6MV-FFFA 0.01%2] %*é RS Urehdn
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3. X2 A=
WA X & AJEL Eclipse Treatment Planning
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4312 Tstsc
v
o= — [41]

(PLV, prescription isodose volume; TV, target volume)

Imax
H = 2~~~ Al
RI [4]12]
(Imax, maximum isodose in the target; RI, reference
isodose)
PIVs00
Gl = — 2 [413]

RI

(PIVsowrrv, 50% prescription isodose volume; PIV,

prescription isodose volume)

A 719 AR F7FE el Aol A= 2HA

%]:(Dmax)jq' %;&Alj (Dmean) =

Hlmei), wa
10 Gy7} ZAPEE £2(Vig) S vl A4
sB7Vel7) Slal A ko) 50%7) Solrlis 842

o

ATF] 25%7F Eo17h= 84S okt A &
7¥el7] §J8ll 2 A& Alge] AA| MU(Monitor Unit) gk

Felelgict. ®
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3t 2t Apule] AP ER 2ASGS
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2418 Hy

mlo
f.: o ofl o flo 2

o] A= A+ Fels)7] 915 DQA 7 % Beam On

Time(BOT, sec)= =43}t

6. S "7t

7| 7= SPSS 27 Data Analysis software(IBM,
New York, NY USA)S &-&3l5om, FE457) 121
ojlm g 7} @7} 39| A41/d< B7Isk] 918 Kolo—
mogorov—Smirnov ¥ Shapiro-Wilk A4 AL Al
Ptk ke AA AT urEslos JFEREE
whEral 7}%3} ‘3} | 7k 2polE EAsE] S8l 84t
A AR = L o2 3% T HA(Paired samples
t—test) & /\]605}“2:4, TS At A7 whESt
A 53 W7F A3 79 v ARl HHH]l Wilcoxon
rank A& ZYERATE L3 PTV Atolof] 2R )= 25
O] 7 F PTV Zo] 2 & PTV &40 w2 GIoj of
o FF= 22l 5] flsl 9 viA| W S5 BAREA
(One—way RM ANOVA)ZS Aldsle), -9 42500

n|ul-S 9 0]} 2po]7} Q) 70 & ARt

0

O

=
32} 9 EAJT} PTVo] 3 Y= Table 1, 7} 7201,
o A PTVY %X—q.% 0.65 + 59.98 cc, Hat A

Table 1. Clinical information of all patients for spine stereotactic body radiation therapy

Patient No. | Tumor Location | PTV Volume (cc) | PTV Length (cm) (Bet#woefe\r/1el:’$\t/)1r a;f;ﬁ?’rvz) CTV to PTV margin (mm)
1 L1/L4 137.62 14,08 2 0
2 T12/12 87.26 10.94 1 0
3 T10/L1 88.81 13.75 2 0
4 L1/L3 158.01 10.54 1 2
5 T11/12 57.45 12.49 2 0
6 T4/T6 33.14 8.76 1 3
7 T6/T8 21.07 6.07 1 0
8 L2/L5 232.44 13.23 2 0
9 T12/12 99.34 10.07 1 0
10 L2/S1 196.32 18.11 3 0
11 L2/L4 106.22 10.51 1 0
12 T8/T11 110.1 15.58 2 0
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Table 2. Average parameters and Significance probability of PTV and Low dose spill

Parameters Truebeam VMAT Halcyon VMAT P-value
PTV Conformity Index (C.I) 0.984+0.06 1.004+0.83 0.126
Homogeneity Index (H.I) 1.092+0.21 1.102£0.01 0.97
Gradient Index (G.I) 4911+0.51 4,641+0.41 <0.001
Low dose spill 50% low dose area (cc) 506.91+243 .86 487.564+236.23 <0.001
25% low dose area (cc) 1952.21+882.54 1859.45+857.25 0.001
12 1.2 12 12
1.1% 115 1.1% 15
11 11 ] —— 11 11 R ——
1.05% 108 I ; 1.0% 108
G - [l F o o[- =
0.95 _?— -”E i oS 0.95 _?— E oS
T_Z T_Z
Truebeam HR‘C)‘UH Truebeam Ha’qon Truebeam HR‘C)‘UH Truebeam Ha’qon
§ " § "
" s - s -
y T ¢ & T ¢
;.; i 8 - ’_'_ 2 52 ¥ 8 125 '_'_ i
™ a m L] E =
© . B 6F . . - 6F .
“ L% 1 :: L% 1
:: > s e s
' Truebeam Halcyon N Truebeam Halcyon ' Truebeam Halcyon N Truebeam Halcyon
Fig. 2. Box plot of all parameters
A2F I aj A2k 0409 1
2, PTV 48 &7t 5 M4 3R Eot Table 3. Significance probability of Correlation between
PTV A= H71& 9Jgt CL HI 2 GI&F AAleF ool 3 Gl and Parameters
1S A3t 50% =71 A= 873} 25% 571 A= 84 Parameters P-value
2 v|W3s}ITH(Table 2, Fig, 2). Clo BH+RFH = # of Vertebral body 0.505
(Between PTV1 and PTV2) ’
Truebeamo] 0,984 + 0.063, Halcyon®] 1,004 + 0,828
Total PTV Length 0.196
= i O =+
(P=0.126), HIx== Truebeam©] 1,092 + 0.212, Halcyon ol PV Volume 0.23%6

°] 1103 + 0.014 (P=0.97)°]™, Gz Truebeam©] 4911
£0.510, Halcyon©] 4.641+0.407 (=5.50%, P<0.001)2.
B2 S AL G B7tol|A9] 50% 7T ARF
4242 Truebeam©] 506,91 + 243 86 cc, Halcyon©]
48756 + 236,23 cc (=3.82%, P{0.001)0]H, 25% S7} A
2 8218 Truebeam®] 1952.21 + 882,54 cc, Halcyon
o] 1859.45 + 85725 cc (—4.75%, P{0.00D)Z A& 4
F7loA B Halcyono| #4AH HS H3T) GO dis)
PTV13} PTV2 Afojof] ZRjeh= A5=wo] 74 & PTV
Zo] & Z PTVE] &40o] ujz)i= F3Fol gt 79 &+&
& 717} 0505, 0.196, 023602 2F15t9l.om | Gl tia}
o] 7} 2| 329] AoA-g-o] -0J51A] QAtH(Table 3),

4

(1)al

t7| Mgk Eot

7191 24=0] A H71E 13 Dinax, Dinean, Via,
Vio HIALE} K (Table 4, Fig. 2). Dmax®] vt £ 3812}
= Truebeam®| 12.76940.358 Gy, Halcyon©] 12 847+
0.383 Gy (0.61%, P=0.11)2. & Truebeam®] Halcyonk
o} W9k o ™| Diean Truebeame®] 7.096+0.354 Gy, Hal—
cyon©] 6,902+0.425 Gy (—2.73%, P=0.45) 2% Halcyon
oAl B WA Ugit) Ve B= A5 A4 0.03cc
npro 2 & gH] R AEF AghE TSIl Vie
Truebeam©] 6,512+1 212 cc, Halcyon®] 6,365+2.05 cc
(-2.26%, P=079) 0.2 = ZgR|9] A& A2l 57 A1 A

ox 02
o]

=
7

m W
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L, PTVE} ’W\«l +4 % EOﬂ g A &
71491 1A-S A8Ystict PTVR}F 24 PR
27 (Overlap volume)S 7|20 & ¢ ALE &
Ach(Fig, 3). 1 Ax}, 4H7} 85 Aol AlARE 1

O] FEE&AS Hom 11 99 U] 52 04 cc
0]3}2] 7S HItH(Table 6), 41} 8 T2 A|9)3t F
Aea ez A A J7FE APsiqict. L 2xt
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Al e Zhe B oH Vg2 Truebeam©] 6.281+1.248

56

Table 4. Average parameters and Significance probability
of spinal cord

Spinal cord Truebeam Halcyon P—value
Parameters VMAT VMAT
Dinax (Gy) 12.769+0.358 | 12.847+0.383 0.11
Dinean (Gy) | 7.096%0.354 | 6.902+0.425 0.45
Vs (cc) 0 0 -
Vi (cc) 6.512+1.212 6.365+2.05 0.79

Table 5. Average parameters of MU and Beam on time

<y VMAT VMAT
Parameter
Total monitor
units (MU) 8201 - oo
Beam On Time 383.16 648.33 <0.001
(sec)

cc, Halcyon©] 5.766+1,683 cc2 & Halcyon (—8,199%,
P=0.002) °] F2J5}A W2 41 HAH(Table 7).
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Overlap volume Overlap volume
Fig. 3. a)PTV and PRV contour in # 8 patient (Overlap volume ) 1cc)

b) PTV and PRV contour in # 11 patient (Overlap volume ¢ 1cc)

¢) Overlap volume in # 8 patient (Overlap volume ) 1cc)

d) Overlap volume in # 11 patient (Overlap volume { 1cc)

Table 6. Overlap volume and parameter of spinal cord of all patients
R Overlap volme Drmean (Gy) Vio(cc)

between PTV and PRV (cc) Truebeam Halcyon Truebeam Halcyon
1 0.3 6.39 6.28 3.96 3.96
2 0.4 6.67 6.41 6.93 6.29
3 0.1 7.43 7.21 6.99 5.43
4 1 7.45 7.45 7.14 8.63
5 0.2 6.90 6.68 7.54 7.62
6 0 6.70 6.54 6.26 5.56
7 0 7.42 717 5.36 4.67
8 1.8 7.18 7.36 8.2 10.09
9 0 6.88 6.55 5.32 453
10 0.2 7.53 7.29 6.14 5.29
11 0 7.39 6.89 5.97 475
12 0.3 7.14 7.22 8.34 9.56
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Truebeam Halcyon

Halcyon

(b)

Fig. 4. a) Comparison of Dose distribution in CT of # 8
patients from Truebeam and Halcyon (Overlap
volume is 1.8ccin # 8 patients)

b) Comparison of Dose distribution in CT of # 11
patients from Truebeam and Halcyon (Overlap
volume is Occin # 11 patients)

Ad &g B7hollA
5192 ul, Truebeam®

Ak AR Aol A ARG =S A7 &

Al A= 2]9] QIS oheFet &4 A1E 7R Ql8l] True—
beam®] HYHFES BE Ao :EOLEOH &%’8}1] %
ghel, ag7)e] Ao R FURE ARk
2 AY 2 W7HE A9 FEZ A}

Ao Truebeam©] 659.66 sec & Halcyon (—1.74%,

P{0.001)0] & ©=H BOTS Hr}, E3 Halcyon?] 7
© MEY 34 £=7} Truebeamol| H|8H TA|5] W=7,
FEAQ A S5 7P S Q) whie] HA X7 Ak
011*1% o]FE HY Zloz y|giEc),

A7) A WL SIA7E S 8R4
O]O}O% 24> 9] 91" #7](Lung, Kidney, Esophagus %)
7h A EA] gk Aol ol= gxuitt thE IF A7)
7} A AR A= Al e 1 714”1 243} 2t

7P 3714 0.2 ARk o2 3] 4 ALY
AR Tie Haleyon®] ASke QAT 4182 7|dia
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Feasibility study of using Halcyon LINAC for Double-target

spine stereotactic body radiation therapy
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Objectives: The purpose is to evaluate dosimetric performance and delivery efficiency of VMAT with Halcyon
LINAC for double target spine SBRT

Materials and Methods: 12 patients with spine oligometastases were retrospectively studied. Single-isocenter
spine SBRT plans was established using Halcyon® with Dual Layer MLC and Truebeam® with High Definition
MLC. All patients’ plans were created in Eclipse TPS through the identical conditions and optimization. C.I, H.I, G.|
(Gradient Index), maximal and volumetric doses to spinal cord and low dose area were evaluated for comparison
of both plans. Also, total MU and BOT(Beam On Time) were evaluated.

Results: Halcyon plans was no Statistical differences in C.I and H.I. However, the average of G.I was 4.64 for
Halcyon, which decreased to 5.5% compared to Truebeam (P<-0.001). Halcyon plans demonstrated statistically
significant reduced G.I. The average of 50% and 25% isodose volume was 487.56 cc (-3.82%, P<-0.001), 1859.45
cc (-4.75%, P<-0.001) in Halcyon, respectively. Significantly reduced low dose spill were observed in Halcyon
plans. In the evaluation of the spinal cord, the average of Dmean and V10 of Halcyon plans in the sample group
with an overlap volume of less than 1 cc was 6.802 Gy (-3.504%, P=0.067), 5.766+1.683 cc (-8.199%, P=0.002), re-
spectively. Halcyon plans demonstrated statistically significant reduced Dimean and V10. For delivery efficiency, MU
and BOT[maximum dose rate for each machine), on average, increased in Halcyon plans. However, the average
of BOT(B00OMU/min for each machine) was 648.33 sec for Halcyon (-1.74%, P<-0.001).

Conclusion: Halcyon plan for double-target spine SBRT demonstrated advantages in the low dose area with a
steep dose gradient, while having dosimetrically equivalent target dose distribution and spinal cord protective ef-
fect. As a result, Halcyon LINAC produced a dosimetrically improved plan for double-target spine SBRT.

» Keywords: Spine SBRT, SIMT-VMAT, Halcyon, Dual layer MLC, Truebeam, High definition ML



