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Purpose/Objectives: This work investigates the potential bene!t of adaptive planning using the Ethos 

radiotherapy system (Varian Medical Systems) with direct-dose calculation on HyperSight cone beam CT 

(CBCT) for subjects enrolled in the HyperSight-ARCHER trial1 (ClinicalTrials.gov ID: NCT05666193). This next-

generation CBCT platform has been demonstrated to have image quality that is improved over standard 

CBCT, and comparable to that of fan beam CT simulators.2 HyperSight CBCT has also been demonstrated to 

allow for generally accurate dose calculation relative to planning CT;3,4 however a need remains to evaluate its 

utility in adaptive radiotherapy. Our hypothesis was that at fraction 21, adaptive planning would allow for 

improved planning target volume (PTV) coverage and organ-at-risk (OAR) sparing for head and neck (H&N) 

cancer patients, relative to the originally scheduled plan. 

 

Materials/Methods: Twenty-four patients with H&N cancer (oropharynx and nasopharynx sites; prescribed 

70 Gy/35 fractions) were imaged on Ethos with HyperSight (iCBCT Acuros reconstruction) on the same day as 

planning CT acquisition (Day 0), and again on fraction 21 of radiotherapy treatment. Structures were 

contoured on all image sets, with target contouring performed by radiation oncologists. For these subjects, 

clinically acceptable plans were created using the HyperSight CBCTs acquired at Day 0 and Day 21 (denoted 

Day 21-Adapted) with the same optimization directives. The Day 0 and Day 21 CBCTs were rigidly registered, 

and the Day 0 plans were forward-calculated on the Day 21 images (denoted Day 21-Original). The Day 21-

Adapted and Day 21-Original plans were compared for PTV coverage and OAR sparing.  

 

Results: Each metric presented in Table 1 demonstrates a statistically signi!cant di"erence between the Day 

21-Adapted and Day 21-Original plans (p<0.05, Wilcoxon signed rank), indicating an increase in target 

coverage and decrease in brainstem, spinal cord and esophagus dose for the adapted plans. The di"erences 

in target dose between the Day 0, Day 21-Adapted and Day 21-Original plans for V100%, D99% and D95% in 

both the PTV high risk and PTV low risk groups are shown in Figure 1. At least one PTV coverage metric was 

clinically unacceptable for 21 out of 24 Day 21-Original plans (i.e. V100%<93%, D99%<6160cGy or 

D95%<6650cGy for PTV-high risk; D99%<5000cGy or D95%<5320cGy for PTV-low risk). No signi!cant 

di"erences were observed for any of these metrics between the Day 0 and the Day 21-Adapted plans. 

 

Conclusions: The Ethos radiotherapy system with HyperSight allows for statistically signi!cant improvement 

of target coverage and OAR sparing for H&N radiotherapy patients through adaptive planning at treatment 

fraction 21. These results highlight the dosimetric bene!ts of adaptive radiotherapy planning for H&N cancer 

patients, made e"icient through direct dose calculation on CBCT. 

 

[1] Cherpak A, et al. COMP 2024. Med Phys 2024;51(8):5785-5835. 

[2] Robar JL, et al. PRO 2024;14:277-286. 

[3] Martin PR, et al. phiRO 2025;34:100756. 

[4] Sijtsema ND, et al. Radiother Oncol 2025;202:110596. 

 

 



Table 1: PTV and OAR DVH data for Day 0, Day 21-Adapted and Day 21-Original plans

DVH data (median ± 

IQR)

Day 0 Day 21-Adapted Day 21-Original

PTV High V100% 95.10 ± 0.58% 95.12 ± 0.38% 90.94 ± 4.67%

PTV High D99% 67.07 ± 1.29 Gy 66.67 ± 1.68 Gy 63.71 ± 2.88 Gy

PTV High D95% 70.05 ± 0.17 Gy 70.06 ± 0.11 Gy 68.34 ± 1.71 Gy

PTV Low D99% 53.83 ± 1.50 Gy 53.47 ± 1.84 Gy 50.49 ± 4.92 Gy

PTV Low D95% 56.49 ± 1.18 Gy 56.59 ± 1.61 Gy 55.10 ± 2.61 Gy

Brainstem Dmax 25.93 ± 7.96 Gy 25.84 ± 7.99 Gy 27.13 ± 9.40 Gy

Spinal Cord Dmax 34.32 ± 2.66 Gy 34.20 ± 2.90 Gy 35.68 ± 3.05

Esophagus Dmean 19.37 ± 8.64 Gy 19.34 ± 8.73 Gy 19.95 ± 8.59 Gy

Figure 1 shows a) the PTV high risk volume receiving 100% of the prescribed dose (V100%), b) the doses 

covering 99% and 95% of the high risk PTV volumes (D99% and D95% respectively), and c) the D99% and 

D95% measures for the low risk PTV volumes, all for the Day 0, Day 21-Adapted and Day 21-Original plans. 

The dashed lines indicate the threshold of clinically acceptable values. 

a)

b) c)
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