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The Vero4DRT linear accelerator (Vero, figure 1) is capable of dynamic tumour tracking 10 clinical datasets
(DTT) by panning/tilting its_g_imbal-mounted head!. However, no trea.tm.ent planning systems OAR Dy, 4 PTV V000 B Assigned to exhale B Assigned to inhale m Unsorted apertures
(TPS) model the panning/tilting geometry and plans are created, optimized, and evaluated ! (cGy) (%) : 80
on a single breathing phase CT image. Previously, a method was developed to model ‘ = 60
pannin_g/ti!ting and accqmulqte dosg distributions from multiple brea_tthing phases into a 4D Figure 1: The Vero linac can 3D dose calculation o
dose distribution3. While this provides an accurate method to confirm the dose to OARs rotate around the patient's (Original plan 2762 94.4 L5 40
during DTT treatments, it offers no solution during plan creation and optimization to ensure superior-inferior axis and .~
3 . . . . . d 't t' I H H eXhale) | o 20
the plan’s safety. This work investigates two treatment planning strategies for DTT plans around its vertical axis (ring . ® .
optimized on a single breathing phase to ensure an OAR will be below its dose limit aftera  'otation). The linac head is ! ° o = L] L]
4D d lculation: the “Bool OAR’ method and the “Apert Sorting” method mounted on a gimbal system S
ose calculation: the boolean metnod an € Aperture sorting  metnoada. to perform DTT. 4D dose calculation : 1 2 3 4 5 6 7 8 9 10
\ / (No planning 3881 94.4 ! Dataset #
4 ) strategies) i Figure 4: The number of apertures sorted for each clinical dataset using the “Aperture Sorting”
' method.
METHODS | .
_ _ 4D dose calculation i a) Average Maximum Dose b) Average Target Coverage
. 1 phantom test case: CT set to water density, spherical OARs/target added. (Boolean OAR 2038 78.9 ! Difference from Dose Limit ©
. 10 clinical datasets: CT data from previous liver SABR patients. method) go S 100
. sIMRT plans optimized on breath-hold exhale CT image in the RayStation TPS (RaySearch Laboratories). i = 400 g % o5
. All dose constraints met, planning target volume (PTV) coverage maximized (ideally Vg, = 95%). g 300 § S
. 2-phase (inhale and exhale) 4D dose calculations conducted using methods described by Carpentier et al? 4D dose calculation | o 200 é} § 90
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Strategy #1: Boolean OAR method method) 100 S 2
. . i ‘; -200 W 4D: Original plan E’ s 80
Figure 2: A) An OAR is contoured on the exhale phase (dark A) .. Table 1: The OAR maximum dose and PTV coverage ! © -300 B 4D: Boolean method <
blue) and inhale phase (light blue). B) The inhale phase ' . . L9 100 m 4D: Aperture sorting 75
contour is transformed to the exhale CT by aligning the ng:gisggn;?{g \:th;:aneC;’]V hg:"?i?] plgtr:;gg s;t,\rlztseglsees d !
implanted fiducial marlkers near the target (x’s and c!rcles). C)A The OAR’s’ dose limit was 2200 CG?{ 15/289;/pertures "1 Figure 5: @) The dose limit for each OAR subtracted from the maximum dose to each OAR,
union of the contours is created. A new sIMRT plan is were sorted to the exhale phase duri.ng the “Aperture ' averaged over the ten clinical datasets. b) The average target coverage among the ten
optimized on the exhale CT that protects this boolean contour. Sorting” method. | datasets. Data is reported from 4D re-calculated dose distributions. Error bars represent the
——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— i standard deviation.
Strategy #2: Aperture sorting method \ : /
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Figure 3: This method determines which apertures CONCLUSIONS REFERENCES
contribute more to an OAR’s maximum dose on one
breathing phase over the other, and assigns that aperture to » 4D planning strategies that are simple to implement can improve an OARs 1. TakayamaK et al. Radiotherapy and Oncology.
the phase where it contributes the least dose. A) and B) safetv during DTT treatments 93(1):45-49 (2009)
show the beam’s eye view of two different apertures in the Th )(3 | 9 OAR’ thod o ¢ d simol imol h h
same sIMRT plan from the phantom test case. A) This € ‘boolean method IS a;t_an simpiée t_o Imp ement, owever the 2. Carpentier, EE. et al. Journal of Applied Clinical
aperture was assigned to the exhale phase since on the reduced target Covgrage IS a Sacrlflc_e and spar_lng an _OAR IS not guaranteeq. Medical Physics, 22(6) (2021)
inhale phase a |arger portion of the OAR is in the beam’s e The “Aperture Sortlng” method requires more time to Implement, but results in
eye view. B) This aperture was not sorted as it missed the improved OAR sparing while preserving target coverage. 3. Carpentier, EE. et al. Journal of Medical Physics,
OAR on both phases. 48(1), 50 (2023)
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