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Abstract Introduction Results and Discussion

Monte Carlo (MC) methods are stochastic algorithms that ,
Purpose use random sampling to simulate complex systems. MC JETT JITT distance from center (mm)
Monte Carlo (MC) methods are widely methods are widely regarded as the gold standard for fully open jaw-matched fully open jaw-matched 60 70 30 90 100
regarded as the gold standard for radiotherapy radiotherapy dose calculation. However, high computational . : A ) ;\E? 0.0
dose calculation; however, high cost can limit routine clinical application. 4 MV (WEF) - -4.63% 0.83% 0.07% 0017 = -0.3
computational cost can limit routine clinical To address this, we evaluated new event-control techniques 6 MV (FFF)  -3.50% -1.29% 0.09% -0.39% ,5 06
lication. This st | jaW- ! ' X 2 s
application. This s udy evaluated two jaw- for various field S1Zes unde.r fully open (40 X 40 cm ) and 6 MV (WFF)  -3.62% 1.63% 0.88% L0.68% =
interaction—based event-control techniques in jaw-matched multileaf collimator (MLC) configurations. 2 Y
terms of absolute dose accuracy and The purpose of this study was to evaluate the absolute dose 8§ MV (WFF) = -4.90% -1.85% -0.72% -0.66%0 » -1.2 B : JETT fully open [ : JETT jaw-matched
e.fﬁcien.cy compqred with the standard analog accuracy and computational efﬁciency of these new 10 MV (FFF) _4.25% 1.16% -0.23% 0.40% S 15 B JITT fully open [ : JITT jaw-matched
simulation technique (SAST). techniques across photon beam energies from 4 to 15 MV.
Method 10 MV (WFF) -4.37% -1.93% 0.00% -0.27% Figure 2: Absolute dose deviations beneath the jaws relative
ctnoas to SAST for JETT and JITT. Results are shown for a
_ 0 _ 0 _ 0 _ 0 ] o
Simulations were performed Wlth Geant4 Materials and MEthOdS 15 MV (WFF) 480 A) 231 A) 065 A) 024 A) 10 X 10 cm? field at 10 MV WFF. This showed a similar
(v11.1.1) using a TrueBeam™ (Varian Simulatine environments Table 1: Field-center absolute dose deviations relative to SAST for JETT and trend to the ficld-center absolute dose deviations.
: : u V '
Medical Systems) linear accelerator head. v MC Sgt | . Geantd 11 JITT. Results are shown for a 10 X 10 cm? field. JETT showed a noticeable
Two techniques were evaluated: the Jaw- V1 00 del ‘ T ear;g VerTsN}on T reduction in deviation when changing from fully open to jaw matched, while . : JETT fully open . : JETT jaw-matched
S : : inac mode : TrueBeam - - ~
Ent.ry Termmatmn Techglque (J. ETT), in (Varian Medical Systems) JITT showed little to no difference between the MLC configurations. _ 100 - B : JITT fully open [ : JITT jaw-matched
which particle transport 1s terminated upon v field s " 10emX 1.0 30 em X 3.0 = R0
jaw entry, and the Jaw-Interaction—filtered (el Stee ' 5' 0 “in o 5' 0 T, lb me | O “i, S 6 -
Transmission Technique (JITT), in which | - em 7 2.0 e, 10 G A 1Y em s ° =% = JETT fully open = 60 -
. . : . v’ primary photon  :4,6,8,10and 15 MV S | . ., |
only particles traversing the jaws without o - Elter (WEE ~ 4 —>— :JETT jaw-matched S 40 - 4
interaction are transported. Across photon 6 and l\g)Vlli/IV attening filter ( ) § =X = JITT fully open 7
beam energies from 4 to 15 MV, absolute -0 an q el frao (FFF .§ 2 >~ JITT jaw-matched 20 - 2 -
dose deviations from SAST were evaluated at . attening filter free (FFF) 2 0 0 | |
: : v' MLC configuration: fully open (40 X 40 cm?) and
the field center and dlI’CCtly beneath the JaWws, i hed £ : Q physics list : G4EmStandardPhysics option3 with Atomic De-excitation
to gether with simulation time. Evaluations . . Jaw-matc cd con 1gurat10ns ,.8 -2 atomig de-excitation : Fluorescencezz X-rays and Auger electrons
: : v primary partlcle . phase space file (PSF) O field size : 1.0 X 1..0 em? beam energy : 15 MV (WFF)
WCEere performed for various field sizes under L h .. "5 4 recycle number : The primary particles were recycled 20 times.
fully open (40 X 40 cm?) and jaw-matched — containing the position, , 'S Figure 3: Computational efficiency expressed as speedup
multileaf collimator configurations. o momentum, and chergy Ofpaﬂlcle < -6 relative to SAST for JETT and JITT. These results indicated
v physics list : G4EmStandardPhysics_option3 1x1 3%3 0% 1010 the conditions for maximum computational efficiency.
Results v MC statistical uncertainty: within 1.0% irradiation field size (cm?) ® JITT
For JETT, field-center absolute dose Event-control techniques v The MLC confieuration h S
" b e v ] L. . o o e configuration has a minima
deviations were rec}uced when transitioning Jaw Er}try Termmatl.on Techmque (JETT) Transmission dose through Transmission dose throuch ot on the dose distribution in the field
& p
from fully open to jaw-matched > particle transport 1s terminated upon jaw entry the jaws and MLC the iaws ) b ib h the
configurations. In contrast, JITT maintained v' Jaw-Interaction—filtered Transmission Technique (JITT) J v ,Crehn o dpe mtlm t;a tan .entea ) ;Ja\:t.s'l
high accuracy, with dose deviations within » only particles traversing the jaws without interaction | 1ls iln ied eit adJ a;’lv'in eracg pa 15’ €S,
1.0% regardless of MLC configuration, field are transported (NCTHCINE STAUETEL PROTONS an ScCOnCary
size, or photon beam energy. For both jaw | | jaw partl.cl.es generated 1n the jaws, cont.rlbuted
techniques, in a 10 X 10 cm? field across all fully open (40 X 40 cm?) Jaw-matched : : negligibly to the §Yaluated dose regions
energy levels, absolute dose deviations -- - - MLC | | MLC under these conditions.
beneath the jaws outside the field were within v v ® JETT . o
1.4%, and penumbra distance-to-agreement E red  :SAST green  :JETT v The MLC conﬁgurat.lon.has.a s1.gn1ﬁcant
was approximately 0.1 mm at the field edge. E solid line : continued event dashed line : terminated event 1mpact. on the dose distribution in JE.TT.
JETT achieved a maximum speedup of 80- Figure 1: Field-center absolute dose deviations relative to SAST for JETT and v' In the jaw-matched MLC configuration, a
fold, whereas JITT provided an . L event Killer o triggered JI}TT. Results afre shown for a 10 MV (WFF) photon beam across all field sizes. portion of pe.u”ticle.s transmitted or scattered
approximately 5-fold reduction in simulation i T+ contineod event tached Tine -+ torminated event - T ¢ deviation from SAST repre.sents the transmission dose, which 1s missing through the jaws is f}lrther attenuated by the
e , in JETT but correctly modeled 1n JITT. MLC, thereby reducing the missing-dose
component in JETT.
Conclusion — JETT JITT
The techniques demonstrated trade-offs - fully open jaw-matched fully open jaw-matched Conclusion
betweetn tc.10s1rilettﬁ?c.accur2}%yTe¥1d hieved 4 MV (WFF) 0.01 mm 0.08 mm 0.02 mm 0.04 mm ® Forthe JETT, the absolute dose deviation was
computalional LUCICncy. dCLICVE vy err 0.03 001 001 approximately 5% with the fully open MLC but
substantial acce.ler.atlon at the expense of . (FFF) % T R -1 was reduced to about 2% with the jaw-matched
larger dose deviations, whereas JITT Study Endpoints 6 MV (WFF) 0.03 mm 0.05mm 0.05 mm 0.04 mm MLC.
preserved SAST-level accuracy with v' Absolute dose deviations from the standard analog ® For the JITT, the absolute dose deviation from the
- : . : : : 8 MV (WFF 0.05 mm 0.06 mm 0.03 mm 0.01 mm > T
mearilngﬁtll Slpeédul’- Jfaw-lnteralztéon based simulation technique (SAST) | | | ( ) SAST was negligibly small. These results suggest
CVENL CONLIOL OLIELS a frameworK 10t > The field center, ficld edge and regions directly beneath the 10 MV (FFF)  0.03 mm 0.0 mm 0.01 mm 0.02 mm that JITT may be a promising acceleration
accelerating MC dose calculations and may Jaws 10MV (WFF) -0.03mm  -0.08mm 0.03mm  -0.03 mm approach for MC simulations under the evaluated
be suitable for climcal applications depending > Absolute dose differences (7o) | conditions. Further validation for patient-specific
On accuracy requirements. _ dose of JETT or JITT - dose of SAST 15 MV (WFF) -0.04 mm -0.0l mm 0.01 mm 0.01 mm IMRT/VMAT fields is required before clinical
| field center dose of SAST Table 2: Penumbra agreement between SAST and the two event-control implementation.
v' Simulation time reduction compared to SAST techniques fora 10 X 10 cm? field across all energy. Regardless of the ® JETT showed up to approximately 80-fold
simulation time of SAST | hni fi ' 7
> Speedup factor = e o T event-f:t(;lr.ltr(()) 1tec: niques and MLC configurations, the penumbra agreement speedup, while JITT achieved a speedup of up to
was witnin v.1 min.

approximately 4.5 times.
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