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INTRODUCTION RESULTS — CONCLUSIONS
MV
Head and neck (H&N) cancer patients benefit from intensity-modulated * With respect to the dose per fraction, our results show the

proton therapy (IMPT), as it allows for steep gradients in the target dose The three delivery scenarios (BP, WA, and DA) were evaluated for both the dose delivered per individual superiority of DA over WA in terms of target coverage due to
distribution, and improved sparing of organs at risk (OARs) close to the fractions and for the dose accumulated throughout the treatment. Figures 1 a) and b) compare two positioning inconsistencies between individual fractions

. . o : : representative patients:
tumor. During treatment planning, additional margins are Introduced With respect to the entire treatment, similar dosimetric values for

around the target volume to account for various uncertaintles, * a) The CTV Vg, and Vy,y, plotted over all fractions. The BP for patient A exhibits a systematic the target volume were achieved by both adaptation schemes
consgquently increasing the dose to healthy tissue. Furtljermore, farget coverage degradation throughout the treatment, presumably due to weight loss. On the other hand, Svst tict t d dation due t ieht loss i
margins do not gua'rantee target CO,Verage and OAR sparing througr.\out patient B shows random fluctuations caused by anatomical positioning inconsistencies with the Vf) imi.'c" arg.et. cc:vzrf)geb fﬁrDaAa 'c;nwze ﬁ:wef S
the treatment. Online plan .adaptanor\ accounts for the Furrent p?tlent planning CT. One can see that WA noticeably mitigates the target coverage degradation between substantlafly mitigated by bo an » WHereny
anatomy and setup, potentially allowing for target margin reduction. fractions caused by weight loss while positioning variations are only effectively accounted for by DA.

random variations are only effectively accounted for by DA

Reducing the number of adapted fractions could be beneficial for the
b) Dose-volume histograms (DVHs) for both patients evaluated for the dose accumulated throughout . : clinical workflow
the treatment. For patient A, the difference in target coverage between WA and DA is less noticeable 10 15
AI M than for patient B, supporting the previous observations. Both adaptation schemes outperformed the Fraction index Fraction index
unadapted BP scenario in terms of target coverage, while some OARs received higher mean doses and

. . . . . lower maximum doses. " —_ CTV
To investigate the impact of online adaptation frequency on target . L. Parotid Brainstem

coverage for three different delivery scenarios: Different target (CTV) DVH metrics for all six patients are summarized in boxplots in Figure 2, both for the R. Parotid y Oral Cavity
dose scored on individual fractions (171 data points) and for the dose accumulated throughout the 3 ; Spinal Cord . E Constrictors

. . S . . . ) L : La RS L. subm. Gl.
treatment (6 data points). For scoring on individual fractions, WA exhibits substantial fluctuations Br:::tem 1° Ma"L;iE?e

*  Weekly adaptation (WA) compared to DA due to positioning variations between the fractions, as previously observed in Figure 1 \ ™
» Daily adaptation (DA) a). For the dose accumulated throughout the treatment, on the other hand, WA and DA yield relatively N ACKNOWLE DGEM ENTS
similar results. Out of the total 171 fractions, 43 were adapted for the WA scheme (25.1% of all "N, 3 iR

fractions). An overview of the introduced dosimetric values is given in Table 1; the table includes the : i We would like to thank Dr Pablo Botas for his continuous support during
mean, minima, and maxima, including the corresponding standard deviations (SD). . 2 NI, - this study. This work was supported by NCI RO1 229178.
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Based on the patient cohort evaluated in this study, WA appears
sufficient and, therefore, might serve as an alternative approach to
DA, assuming a sufficiently large number of fractions

* Base plan with no adaptation (BP)

A representative cohort of six H&N cancer patients with daily acquired
cone-beam CT (CBCT) images is evaluated in this retrospective study; Va5 Vo8 Figure 1: a) The evolution of the CTV V,, and V,,, for patients A and B over the whole course of treatment. The RE F E R E N CES
tumor locations include the oral cavity, oropharynx, larynx, and tonsils. ? = 7 = % = 100 - red dots represent which fractions of the WA scenario were adapted. b) DVHs for patients A and B comparing the
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The total number of daily CBCTs in this study amounts to 171 scans dose accumulated throughout the treatment for BP (dotted line), WA (dashed line), DA (solid line). 1. Jia X, Schiimann J, Paganetti H, Jiang SB. GPU-based fast Monte

(between 18 and 33 CBCT per patient). For each patient, an IMPT plan 90 - Carlo dose calculation for proton therapy. Physics in Medicine &
Individual fractions Accumulated Biology. 2012 Nov 6;57(23): 7783.

was created based on the planning CT using the commercial treatment
planning system RayStation (RaySearch Laboratories, Stockholm,

80 Allin % Min Max Mean + SD Min Max Mean + SD . Botas P, Kim J, Winey B, Paganetti H. Online adaption approaches for
intensity modulated proton therapy for head and neck patients

Sweden). The plans were optimized to deliver a homogenous dose to
the CTV (60 or 63 Gy) without the addition of target margins while . e 861 950435 = e 959 +28 _ . nts
70 4 based on cone beam CTs and Monte Carlo simulations. Physics in
Vs I o7.1 299 7oLl 291 998 Pax02 Medicine & Biology. 2018 Dec 19;64(1): 015004.
WA was performed on the first available day of each week, and the DA 98.8 99.9 99.6 +0.2 99.4 100.0 99.7 +0.2
adapted plan was then used for each fraction until the next weekly BP 65.8 97.7 90.0 +5.6 84.4 969 92.0 + 4.6 . Lalonde A, Winey B, Verburg J, Paganetti H, Sharp G. Evaluation of
adaptation. The online adaptation approach utilized for this study WA 65.6 99.2 94.8+ 4.3 96.5 99,0 97.7 £ 0.8 CBCT scatter correction using deep convolutional neural networks
employs GPU accelerated Monte Carlo (gPMC) [1] simulations for dose DA 96.5 99.3 98.1+0.7 97.8 99.4 98.7 + 0.5 for head and neck adaptive proton therapy. Physics in Medicine &
calculation on CBCT images [2]. The CBCTs were scatter-corrected in the BP 43 23.8 125+ 4.0 5.0 14.8 89 +3.4 Biology. 2020. BReP-SNAP-M-34.
projection domain using an algorithm previously validated for proton WA 25 329 142+ 64 09 8.1 3.5+29 . Sharp G, Li R, Wolfgang J, Chen G, Peroni M, Spadea MF, Mori S,
therapy [3]. Additionally, the CBCTs were aligned to the plan isocenter DA 33 28.2 123+6.1 0.9 12.2 44+39 Zhang J, Shackleford J, Kandasamy N. Plastimatch: an open source
by performing rigid registration from each CBCT to the planning CT. g BP 0.8 3.3 ST 0:9 43 22a51H software suite for radiotherapy image processing. Proceedings of
WA 01 11.6 Z2t21 0.0 0.3 1101 the XVI'th International Conference on the use of Computers in
2 (il Gz Lo 0.0 L1 el Radiotherapy (ICCR), Amsterdam, Netherlands 2010 Jun.
BP 62.2 97.7 89.2+72 83.5 96.9 91.3 +5.1
é Q é WA 79.4 99.7 949 +3.8 96.7 992 97.8+08
.n. -

DA 96.6 99.7 98.1+0.7 97.8 100.1 98.9 £ 0.7

minimizing dose to OARs.
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For each fraction, a vector field (VF) is calculated between the planning
CT and the CBCT with deformable image registration (DIR) using the
GPU parallelized B-spline algorithm in Plastimatch [4]. The deformation

i

VFs map the original planning CT to each CBCT and, as such, are used to 1 é Q
propagate the planning contours to the CBCTs. The same propagated : : .
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BP 108.3 115.5 1114+ 1.4 108.8 112.3 1101 +1.2

treatment. The IMPT plan adaptation, based on the previously
calculated deformation VFs, is realized by combining isocenter shifts of Figure 2: Boxplots summarizing different metrics evaluated for the target (CTV) DVHs for all six patients, both
the patient with energy modifications of individual beamlets with for the dose delivered per individual fractions (171 data points) and for the dose accumulated throughout the Table 1: Dosimetric values achieved in the target (CTV) by the three delivery scenarios for both the dose delivered E-mail: mislav.bobic@gmail.com

subsequent weight optimization. treatment (6 data points). per fraction and the dose accumulated throughout the treatment. Phone: +43 650 4609 703

DA 107.4 113.2 109.2+1.3 106.6 109.2 1075+ 0.9
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