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Purpose: Recently developed online adaptive radiation therapy (OnART) systems enable frequent treatment plan adaptation, but data
supporting a dosimetric benefit in postoperative head and neck radiation therapy (RT) are sparse. We performed an in silico
dosimetric study to assess the potential benefits of a single versus weekly OnART in the treatment of patients with head and neck
squamous cell carcinoma in the adjuvant setting.
Methods and Materials: Twelve patients receiving conventionally fractionated RT over 6 weeks and 12 patients receiving
hypofractionated RT over 3 weeks on a clinical trial were analyzed. The OnART emulator was used to virtually adapt either once
midtreatment or weekly based on the patient’s routinely performed cone beam computed tomography. The planning target volume
(PTV) coverage, dose heterogeneity, and cumulative dose to the organs at risk for these 2 adaptive approaches were compared with the
nonadapted plan.
Results: In total, 13, 8, and 3 patients had oral cavity, oropharynx, and larynx primaries, respectively. In the conventionally fractionated
RT cohort, weekly OnART led to a significant improvement in PTV V100% coverage (6.2%), hot spot (−1.2 Gy), and maximum cord
dose (−3.1 Gy), whereas the mean ipsilateral parotid dose increased modestly (1.8 Gy) versus the nonadapted plan. When adapting
once midtreatment, PTV coverage improved with a smaller magnitude (0.2%-2.5%), whereas dose increased to the ipsilateral parotid
(1.0-1.1 Gy) and mandible (0.2-0.7 Gy). For the hypofractionated RT cohort, similar benefit was observed with weekly OnART,
including significant improvement in PTV coverage, hot spot, and maximum cord dose, whereas no consistent dosimetric advantage
was seen when adapting once midtreatment.
Conclusions: For head and neck squamous cell carcinoma adjuvant RT, there was a limited benefit of single OnART, but weekly
adaptations meaningfully improved the dosimetric criteria, predominantly PTV coverage and dose heterogeneity. A prospective study
is ongoing to determine the clinical benefit of OnART in this setting.
© 2023 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Sources of support: This work had no specific funding.
All data generated and analyzed during this study are included in

this published article. Research data are stored in an institutional reposi-
tory and will be shared upon request to the corresponding author.

*Corresponding author: Dominic H. Moon, MD; email: Dominic.
Moon@UTSouthwestern.edu

https://doi.org/10.1016/j.adro.2023.101319
2452-1094/© 2023 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access article unde
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
The development of advanced technologies has greatly
improved the delivery of radiation therapy (RT) for
patients with head and neck squamous cell carcinoma
(HNSCC). The coupling of intensity modulated RT
(IMRT) with daily image guidance has been translated
r
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into enhanced dose conformality of targets and improved
sparing of normal tissues such as major salivary glands,
oral cavity, and pharyngeal constrictors.1,2 Moreover,
daily imaging has highlighted the potential extent of ana-
tomic variations in tumor/organs-at-risk (OARs) con-
tours during the treatment course,3-6 which can result in
unintended underdosing of targets and overdosing of
OARs.7-9 Adaptive RT (ART) has been introduced as a
way to mitigate these risks by updating the treatment plan
according to the anatomic changes and shifts seen during
the treatment course.

Until recently, the technical and logistical challenges of
performing ART made it a resource-intensive and almost
prohibitive process for treatment of HNSCC. Patients
would need resimulation, recontouring, and offline
replanning.10,11 Several papers have attempted to eluci-
date the optimal patient characteristics and frequency of
replanning for definitive HNSCC ART, with no clear con-
sensus.10,12-15 Data on the role of ART in the adjuvant set-
ting after surgical resection for HNSCC are particularly
lacking. With gross tumor resected at the time of surgery,
anatomic shifts are mainly driven by changes in the
patient’s weight and postoperative edema.16 The magni-
tude of dosimetric changes, and thus the potential utility
of adaptation, remains uncertain in the adjuvant setting.17

Recent technological innovations have lowered the
barriers to performing routine ART. The Varian Ethos
system (Varian Medical Systems, Palo Alto, CA) is an
artificial intelligence/automation-powered treatment plat-
form capable of online ART (OnART). It is designed to
deliver reoptimized plans in real time based on cone
beam computed tomography (CBCT) contours and auto-
mated reoptimization while the patient is on the treat-
ment couch, which enables frequent adaptation.18 Given
the paucity of publications on the role of ART for postop-
erative HNSCC RT and the lack of data using OnART
more specifically, the purpose of this study was to assess
the dosimetry, plan quality, and optimal frequency of
OnART in this setting.
Methods and Materials
Study data set

Twenty-four patients with HNSCC who underwent
surgical resection and adjuvant RT between 2020 and
2021 at a single institution were analyzed for this study.
Twelve patients were treated with hypofractionated RT
(HFRT) on a prospective phase 1 clinical trial investigat-
ing the safety of HFRT in the adjuvant setting for
HNSCC. Six patients received 46.5 Gy in 15 fractions,
delivered 5 times a week, while 6 patients received 44.4
Gy in 12 fractions, delivered 4 times a week. Twelve con-
secutive patients receiving conventionally fractionated RT
(CFRT) to 60 Gy in 30 fractions with the same eligibility
criteria and time frame as the HFRT trial were also
selected. All patients underwent standard CT simulation
and planning before their radiation treatment without
adaptive replanning. Institutional review board review
was not required for this retrospective study of radiation
dosimetry.
OnART workflow and treatment planning on
Varian Ethos

The Varian Ethos system employs an intelligent opti-
mization engine, which uses operator-specified planning
directives in the preplanning phase to create adapted
plans. For the purpose of this study, planning target vol-
ume (PTV) coverage was prioritized over OARs to ensure
the robustness of target coverage against anatomic
changes. The Ethos emulator, a nonclinical version of the
Ethos treatment planning system (TPS), was used to
reproduce adaptive treatments retrospectively. The initial
pretreatment planning CT simulation along with the phy-
sician contoured target volumes and OARs were
imported. Each patient’s daily CBCT digital imaging and
communications in medicine files were also imported to
simulate the day-of CBCT acquisition of real-time Ethos
OnART. To simulate a fraction of OnART treatment, the
corresponding CBCT was acquired and automatically reg-
istered to the initial planning CT. Next, “influencer”
structures including the mandible, parotid glands, spinal
cord, and brain stem were auto-propagated by the Ethos
TPS. These contours were then reviewed and adjusted as
necessary by the radiation oncologist. Using the physi-
cian-approved influencers, the Ethos TPS further propa-
gated the target and OAR contours onto the CBCT,
which were again reviewed for accuracy and edited as
appropriate by the physician. Upon approval, the TPS
generated the new adapted plan based on the CBCT and
its updated contours. Ethos TPS offers dose distributions
for 2 plans for review: the scheduled plan is the preplan
recalculated on the day-of CBCT consistent with image
guided radiation therapy (IGRT), and the adapted (ADP)
plan is the reoptimized plan using the day-of CBCT.
Data collection and analyzed parameters

The cumulative delivered dose was compared between
treatment with the IGRT plan versus the different ADP
plans (once midtreatment or weekly). Each radiation
treatment plan underwent a simulated OnART at set frac-
tion intervals. In the CFRT cohort, OnART was per-
formed once during week 3 (fraction 11) versus once
during week 4 (fraction 16) versus weekly (fractions 1, 6,
11, 16, 21, 26). In the HFRT cohort, OnART was per-
formed once during week 2 (fraction 5 for the 12-fraction
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regimen or fraction 6 for the 15-fraction regimen) versus
once during week 3 (fraction 9 for the 12-fraction regimen
or fraction 11 for the 15-fraction regimen) versus weekly
(fractions 1, 5 or 6, 9 or 11). These dosimetric data points
were collected from each OnART fraction: mean dose to
the parotid gland (ipsilateral and contralateral), mean
dose to the submandibular gland (contralateral), mean
dose to the oral cavity (oral cavity minus PTV), point
maximum dose to the mandible, point maximum dose to
the spinal cord, PTV coverage of the standard and high
risk volumes (PTVSR and PTVHR, respectively), and
dose heterogeneity via measurement of hot spots. The
PTVHR was defined as the primary surgical bed and dis-
sected nodal level(s) with positive lymph nodes whereas
the PTVSR was defined as the dissected and elective nodal
levels.

To calculate the OAR and PTV values, dosimetric data
points were recorded from both the IGRT and ADP plans
with an updated CBCT on a weekly basis to approximate
the anatomic change over time. For the IGRT plans used
as the comparator, values were calculated by taking the
dosimetry from the nonadapted IGRT plan each week
(fractions 1, 6, 11, 16, 21, 26 for CFRT; fractions 1, 5 or 6,
9 or 11 for HFRT) to create the cumulative doses. For sin-
gle midtreatment OnART, the nonadapted dose was cal-
culated using the same method until the fraction of
OnART, and the dosimetric data were calculated using
the ADP plan applied to the appropriate CBCTs for each
week thereafter. For example, if a single midtreatment
OnART was performed on fraction 16 of 30 in the CFRT
cohort, dosimetric values were calculated using the nona-
dapted IGRT plans for fractions 1 to 15 using the CBCTs
for fraction 1, 6, and 11, and starting with the OnART
plan that was calculated on fraction 16, dosimetric values
were again calculated for fractions 16 to 30 but using the
CBCTs from fractions 16, 21, and 26. The nonadapted
IGRT dosimetric values from fractions 1 to 15 were then
combined with the adapted dosimetric values from 16 to
30 to create the cumulative doses.

This same method was applied to calculate the dosi-
metric data for the once weekly OnART plans. For exam-
ple, OnART was performed on fraction 1 with the
corresponding CBCT with the ADP plan used to derive
the doses for fractions 1 to 5. OnART was then performed
on fraction 6 with the corresponding CBCT, and this new
ADP plan was used to derive the doses for fractions 6 to
10. This process was repeated for each week at each pre-
determined fraction as previously described to calculate
the cumulative doses. These values from the ADP plans
(single midtreatment OnART and weekly OnART) were
then compared with the IGRT (nonadapted) treatment
plans to determine the dosimetric differences. A Wil-
coxon signed rank test was used to evaluate for statistical
significance of these dosimetric differences with P < .05
considered significant. All statistical analyses were per-
formed using IBM SPSS software.
Results
Patient and treatment characteristics

In total, 13, 8, and 3 patients had oral cavity, orophar-
ynx, and larynx primaries, respectively, with 11 of the 24
patients receiving ipsilateral neck RT (vs bilateral neck
RT). The majority of patients had pT1-2 and node-posi-
tive disease (Table 1). The median absolute and percent
weight changes for the entire group during treatment
were −5 pounds (interquartile range [IQR], −9.3, −1.8)
and −3% (IQR, −5.8, −0.9), respectively. Thirteen
patients had a flap reconstruction, 3 patients had a trache-
ostomy in place throughout RT, and 1 patient with a
Dobhoff tube in place at the initiation of RT had it
removed during the treatment course. Further delineation
of patient and treatment characteristics of the CFRT and
HFRT cohorts is shown in Table 1.
Target coverage

Table 2 displays PTV V100% coverage for both dose/
fractionation cohorts. In the CFRT cohort, the PTVHR
coverage was improved with the greatest magnitude for
weekly adaption (median [IQR]: 95.8% [95.4, 96.3]) ver-
sus IGRT (nonadapted) plan (89.6% [84.9, 92.6]). This
trend was true for PTVSR coverage as well, with median
V100% coverage with weekly adaption improving to
98.3% (IQR, 97.8, 98.7) from 95.3% (IQR, 92.8, 96.9) for
IGRT. Table 2 also displays the absolute difference in
median V100% coverage for each OnART schedule com-
pared with IGRT. In the CFRT cohort, weekly OnART
led to a statistically significant benefit in PTVHR and
PTVSR percent coverage (6.2% and 3.0%, respectively)
compared with IGRT. Single adaptation at week 3 had
modest increase in PTVHR coverage (2.5%) compared
with IGRT, whereas week 4 adaptation showed no signifi-
cant improvement. When assessing PTV coverage using
D95% (Gy), weekly OnART again demonstrated a statisti-
cally significant benefit in PTVHR and PTVSR (1.4 and
1.2 Gy, respectively) compared with IGRT.

In the HFRT cohort, weekly adaptation showed a similar
benefit in target coverage compared with IGRT, with median
PTVHR coverage increasing from 92.7% (IQR, 90.2, 94.4) to
95.7% (IQR, 95.4, 96.1) and PTVSR increasing from 96.4%
(IQR, 94.7, 97.5) to 98.2% (IQR, 97.6, 98.7). This corre-
sponded to an absolute improvement of median PTV cover-
ages of 3.0% and 1.8%, respectively, versus IGRT. In this
cohort, where patients finished treatment in just 3 weeks,
single adaptation during week 2 or 3 resulted in no improve-
ment in PTVHR or PTVSR coverages. When assessing PTV
coverage using D95% (Gy), weekly OnART demonstrated a
statistically significant benefit in PTVSR (0.7 Gy) but not
PTVHR (0.3 Gy) compared with IGRT.



Table 1 Patient and treatment characteristics

Characteristic CFRT No. (%) HFRT No. (%)

Primary disease site

- Oral cavity 7 (58) 6 (50)

- Oropharynx 3 (25) 5 (42)

- Larynx 2 (17) 1 (12)

Treatment field

- Ipsilateral 6 (50) 5 (42)

- Bilateral 6 (50) 7 (58)

Submandibular gland status

- Surgically absent 3 (25) 4 (33)

- Unilateral 4 (33) 1 (8)

- Bilateral 5 (42) 7 (58)

- Intact

pT stage

- pT1 1 (8) 2 (17)

- pT2 4 (33) 7 (58)

- pT3 4 (33) 0 (0)

- pT4a 3 (25) 3 (25)

pN stage

- pN0 6 (50) 3 (25)

- pN1 5 (42) 7 (58)

- pN2 1 (8) 2 (17)

Dose/fractionation

- 60 Gy/30 fx 12 (100) 0 (0)

- 46.5 Gy/15 fx 0 (0) 6 (50)

- 44.4 Gy/12 fx 0 (0) 6 (50)

Average weight change (median [IQR])

- Absolute (lb) −3 (−6, 0.5) −8.5 (−10.8, −5)

- Percent −2.1 (−3.1, 0.4) −5.4 (−6.2, −3.1)

Flap reconstruction 8 (67) 5 (42)

Tracheostomy tube during RT 2 (17) 1 (8)

Dobhoff tube during RT 1 (8) 0 (0)

Abbreviations: CFRT = conventionally fractionated radiation therapy; fx = fractions; HFRT = hypofractionated radiation therapy; IQR = interquartile
range; RT = radiation therapy.
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Plan homogeneity

Maximum point dose (hot spot; defined as 0.035 cc
dose) within the PTVHR for each plan was used as a met-
ric to evaluate plan homogeneity (Table 2). In the CFRT
cohort, weekly adaption improved plan homogeneity with
a median hot spot of 64.1 Gy (IQR, 63.6, 64.6) compared
with 65.3 Gy (IQR, 64.6, 66.0) for IGRT. On the other
hand, the median hot spot was numerically higher with
single adaptation versus IGRT. When comparing the
absolute median difference in maximum dose, weekly
adaption significantly decreased the absolute hot spot by
1.2 Gy over IGRT. Both week 3 and 4 single adaptation
slightly but statistically significantly increased the absolute
hot spot value over IGRT (0.4 and 0.2 Gy, respectively).
There appeared to be no discernable trend between
patient weight changes during treatment and improve-
ments in plan homogeneity.

In the HFRT cohort, hot spot was improved slightly
with weekly adaption compared with IGRT, with a



Table 2 PTV coverage and dose homogeneity of IGRT (no adaption), single adaption, and weekly adaption

IGRT Single ADP 1 Single ADP 2 Weekly ADP

CFRT

PTVHR V100% coverage (%) 89.6 (84.9−92.6) 92.1 (85.4−94.2) 89.8 (85.8−92.6) 95.8 (95.4−96.3)

Single ADP 1 − IGRT 2.5*

Single ADP 2 − IGRT 0.2

Weekly ADP − IGRT 6.2*

PTVSR V100% coverage (%) 95.3 (92.8−96.9) 95.5 (93.4−98.0) 95.5 (92.4−97.4) 98.3 (97.8−98.7)

Single ADP 1 − IGRT 0.2

Single ADP 2 − IGRT 0.2

Weekly ADP − IGRT 3.0*

PTVHR max dose (Gy) 65.3 (64.6−66.0) 65.7 (65.1−66.7) 65.5 (64.8−66.7) 64.1 (63.6−64.6)

Single ADP 1 − IGRT 0.4*

Single ADP 2 − IGRT 0.2*

Weekly ADP − IGRT −1.2*

HFRT

PTVHR V100% coverage (%) 92.7 (90.2−94.4) 93.8 (89.8−94.5) 93.8 (91.2−94.5) 95.7 (95.4−96.1)

Single ADP 1 − IGRT 1.1

Single ADP 2 − IGRT 1.1

Weekly ADP − IGRT 3.0*

PTVSR V100% coverage (%) 96.4 (94.7−97.5) 95.5 (92.5−97.2) 96.1 (93.9−97.0) 98.2 (97.6−98.7)

Single ADP 1 − IGRT −0.9*

Single ADP 2 − IGRT −0.3

Weekly ADP − IGRT 1.8*

PTVHR max dose (Gy) 47.7 (47.3−48.4) 48.8 (47.8−49.8) 48.3 (47.5−48.6) 47.3 (46.9−47.6)

Single ADP 1 − IGRT 1.1*

Single ADP 2 − IGRT 0.6*

Weekly ADP − IGRT −0.4*

Abbreviations: ADP = adapted plan; CFRT = conventionally fractionated radiation therapy; HFRT = hypofractionated radiation therapy;
IGRT = image guided radiation therapy (nonadapted); IQR = interquartile range; PTV = planning target volume; PTVHR = high risk planning target
volume; PTVSR = standard risk planning target volume.
*P < .05.
Data displayed as median (IQR). Difference in PTV coverage and dose homogeneity between IGRT (no adaption), single adaption, and weekly adap-
tion displayed as absolute difference of median values.
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median maximum dose of 47.3 Gy (IQR, 46.9, 47.6) ver-
sus 47.7 Gy (IQR, 47.3, 48.4) for IGRT. Similar to CFRT,
single adaption in either week 2 or 3 increased plan het-
erogeneity and hot spot values compared with IGRT, by
1.1 and 0.6 Gy, respectively.

Figure 1 demonstrates the qualitative improvement in
dose homogeneity with weekly OnART, which is not seen
with single midtreatment OnART. Worsening of hot spot
seen with single adaptation versus IGRT may be due to
the limitations of the real-time OnART Ethos reoptimiza-
tion algorithm at a single timepoint compared with the
higher degrees of freedom (and time) afforded to the
human planner. However, this limitation can be over-
come by more frequent adaptation and optimization.
Cumulative dosimetric outcomes for OARs

Table 3 displays the cumulative dosimetric outcomes
for each OAR of interest as a median (IQR) in both dose
fractionation cohorts stratified by IGRT and adaption
schedule. Absolute median differences between adapted
plans and IGRT are shown in Table 3 as well.

In the CFRT cohort, weekly adaptation significantly
improved the maximum dose to the spinal cord (−3.1
Gy) and mean dose to the oral cavity (−0.6 Gy), while
increasing mean dose to the ipsilateral parotid (1.8 Gy).
Single adaptation midtreatment resulted in a significant
increase in the mean dose to the ipsilateral parotid (1.0-
1.1 Gy) and maximum dose to the mandible (0.2-0.7 Gy)



Figure 1 Visual dose homogeneity comparison between adapted and image guided RT (nonadapted) plans in the (a)
CFRT cohort and (b) HFRT cohort. Abbreviations: ADP = adapted; CFRT = conventionally fractionated RT;
HFRT = hypofractionated RT; RT = radiation therapy.
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without an improvement in other OAR doses versus
IGRT.

In the HFRT cohort, weekly adaptation led to a signifi-
cant benefit in the maximum dose to the spinal cord
(−1.6 Gy) and mean dose to the ipsilateral parotid (−0.8
Gy), while compromising mean dose to the contralateral
parotid and submandibular glands, leading to an overall
increase in mean dose to these OARs (0.9 and 1.2 Gy,
respectively). Single adaptation midtreatment in week 2
had a small but significant improvement in mean dose to
oral cavity (−0.4 Gy) compared with IGRT but led to an
increase in mean dose to the contralateral parotid gland
(1.2 Gy) and maximum dose to the mandible (1.0 Gy).
Week 3 adaptation showed no significant improvement in
OAR doses.

Given the limited benefit of a single adaptation in both
the CFRT and HFRT cohorts, it was not feasible to deter-
mine the optimal week (week 3 vs 4 for CFRT and week
2 vs 3 for HFRT) to plan for a single midtreatment adap-
tion in this setting.
Discussion

Our data suggest a significant dosimetric benefit with
weekly adaptation, but not with a single midtreatment
adaptation, for HNSCC postoperative RT. The PTV cov-
erage and heterogeneity significantly improved in com-
parison with no adaptation. Our analysis shows a
significant deterioration of PTV coverage over time with
conventional, nonadapted, treatment that typically goes
unnoticed in routine care. Dosimetric data on clinical tar-
get volume coverage was not collected in this analysis as it
is not part of the standard clinical evaluation. The HFRT
cohort, with treatments completed over just 3 weeks, saw
a smaller magnitude of benefit for PTV coverage from
weekly OnART compared with the CFRT cohort, presum-
ably due to less time for the anatomic changes to alter the
dosimetry of the initial plan.

We also observed a limited dosimetric advantage of
adaptation for OARs overall, with some OARs receiving
increased doses, because PTV coverage is prioritized in



Table 3 Cumulative dose to organs at risk of IGRT (no adaption), single adaption, and weekly adaption

IGRT Single ADP 1 Single ADP 2 Weekly ADP

CFRT

Mean dose (Gy)

Parotid IL (n = 12) 21.4 (17.1−25.0) 22.4 (18.0−26.3) 22.5 (17.7−24.6) 23.2 (19.0−24.6)

Single ADP 1 − IGRT 1.0*

Single ADP 2 − IGRT 1.1*

Weekly ADP − IGRT 1.8*

Parotid CL (n = 12) 11.4 (6.5−15.7) 11.1 (6.3−18.4) 10.9 (6.18−17.6) 10.7 (5.6−18.8)

Single ADP 1 − IGRT −0.3

Single ADP 2 − IGRT −0.5

Weekly ADP − IGRT −0.7

Submandibular CL (n = 8) 10.6 (8.0.6-30.5) 11.7 (7.1−29.1) 10.6 (7.02−29.6) 11.2 (5.58−27.1)

Single ADP 1 − IGRT 1.1

Single ADP 2 − IGRT 0.0

Weekly ADP − IGRT 0.6

Oral cavity (n = 12) 23.7 (21.6−26.7) 23.6 (19.0−26.2) 23.5 (20.5−25.1) 23.1 (17.7−24.6)

Single ADP 1 − IGRT −0.1*

Single ADP 2 − IGRT −0.2

Weekly ADP − IGRT −0.6*

Max dose (Gy)

Spinal cord (n = 12) 34.6 (32.6−37.7) 35.0 (32.5−38.7) 35.6 (31.9−38.8) 31.5 (28.2−35.1)

Single ADP 1 − IGRT 0.4

Single ADP 2 − IGRT 1.0

Weekly ADP − IGRT −3.1*

Mandible (n = 12) 62.7 (56.5−63.3) 63.4 (59.3−65.0) 62.9 (61.1−65.1) 62.4 (58.9−63.2)

Single ADP 1 − IGRT 0.7*

Single ADP 2 − IGRT 0.2*

Weekly ADP − IGRT −0.3

HFRT

Mean dose (Gy)

Parotid IL (n = 12) 22.3 (18.3−26.0) 23.5 (19.1−25.6) 22.5 (18.3−25.8) 21.5 (18.3−25.4)

Single ADP 1 − IGRT 1.2

Single ADP 2 − IGRT 0.2

Weekly ADP − IGRT −0.8*

Parotid CL (n = 12) 11.1 (6.3−14.0) 11.5 (6.7−13.9) 11.9 (6.3−14.6) 12.0 (6.3−13.3)

Single ADP 1 − IGRT 0.4

Single ADP 2 − IGRT 0.8*

Weekly ADP − IGRT 0.9*

Submandibular CL (n = 11) 27.3 (7.8−40.7) 28.5 (16.7−40.9) 27.4 (17.2−40.8) 28.5 (8.4−40.6)

Single ADP 1 − IGRT 1.2*

Single ADP 2 − IGRT 0.1

Weekly ADP − IGRT 1.2*

(continued on next page)
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Table 3 (Continued)

IGRT Single ADP 1 Single ADP 2 Weekly ADP

Oral cavity (n = 12) 17.7 (16.0−20.2) 17.3 (13.8−20.5) 17.7 (16.0−22.4) 16.9 (15.4−21.8)

Single ADP 1 − IGRT −0.4*

Single ADP 2 − IGRT 0.0

Weekly ADP − IGRT −0.8

Max dose (Gy)

Spinal cord (n = 12) 24.9 (23.3−27.5) 24.4 (22.7−26.8) 24.1 (23.2−27.5) 23.3 (20.2−24.8)

Single ADP 1 − IGRT −0.5

Single ADP 2 − IGRT −0.8

Weekly ADP − IGRT −1.6*

Mandible (n = 12) 46.7 (45.8−47.9) 47.7 (46.0−49.3) 47.3 (45.8−48.5) 46.9 (46.0−48.4)

Single ADP 1 − IGRT 1.0*

Single ADP 2 − IGRT 0.6*

Weekly ADP − IGRT 0.2

Abbreviations: ADP = adapted plan; CFRT = conventionally fractionated radiation therapy; CL = contralateral; HFRT = hypofractionated radiation
therapy; IGRT = image guided radiation therapy (nonadapted); IL = ipsilateral; IQR = interquartile range.
*P < .05.
Data displayed as median (IQR). Difference in dose to organs at risk between IGRT (no adaption), single adaption, and weekly adaption displayed as
absolute difference of median values.
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the Ethos TPS. For example, the ipsilateral and contralat-
eral parotid gland received increased mean doses with
weekly adaptation in the CFRT and HFRT groups, respec-
tively, and this may be due to a decrease in parotid vol-
ume over time (1.6-2.9 cc in our study) as well as a
relatively more medial position over time with weight
loss. Weekly adaptive therapy appeared to minimize het-
erogeneity, but OAR sparing was not appreciably differ-
ent. Although Ethos provides a streamlined OnART
process, and the automatic reoptimization based on pre-
plan objectives enhances the reproducibility of plan qual-
ity, it also limits the degree of freedom for users to adjust
the plan during OnART. To our knowledge, the current
study is the first analysis of simulated dosimetric out-
comes of OnART in the adjuvant setting for HNSCC and
the first study to clarify the optimal frequency of OnART
in this population.

Our analysis demonstrated that weekly adaption is
superior to a single midtreatment adaptation. Interest-
ingly, some values were improved with weekly OnART
compared with IGRT, but those same values would be
worse with single midtreatment OnART compared with
IGRT. For example, max dose to the spinal cord decreased
by approximately 3 Gy in the CFRT cohort with weekly
OnART but increased slightly with single OnART. The
potential reasons for this finding are multifactorial, with
the predominant explanation being that more frequent
OnART invariably allows for more opportunities to adjust
the treatment as patient anatomy changes throughout the
course of treatment. For the single OnART scenarios, the
anatomy captured by the CBCT on the day of planning
represents only a single opportunity to improve plan met-
rics. If the planning directives are pushed to provide strict
PTV coverage over OAR sparing, and the anatomy and
contouring on the day of single OnART is such a way that
OARs experience an increase in dose, this change could
be propagated throughout the rest of the treatment
course. Again, the Ethos platform does not allow for flexi-
bility in planning directive priorities at the time of
OnART, and the user is given the option to choose either
the nonadapted (IGRT) or the adapted plan.

The literature suggests several potential dosimetric
benefits of adaptation in the definitive setting, including
improvement in target coverage, mean dose to the
parotid, and maximum dose to the spinal cord, whereas
potential clinical benefits include better locoregional con-
trol and patient-reported quality of life.14,17 There are also
limited reports on the use of adaptation in the postopera-
tive setting for patients with HNSCC. Capelle et al16

appears to be the first study that assessed the benefit of
routine midtreatment replanning in a patient population
that included both definitive and postoperative (35%)
patients with HNSCC. Their results demonstrated signifi-
cant benefits in the group of patients receiving definitive
RT but found no significant benefit in the postoperative
group with midtreatment adaptation. Chen et al17 per-
formed a similar analysis comparing a single midtreat-
ment offline adaptation and found a locoregional control
benefit favoring adaptation (88% vs 79%; P = .01). Their
patient population included 138 postoperative patients
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with HNSCC but only 12 underwent adaptation. Another
study compared offline adaptive replanning at week 3 and
6 in a similar but smaller patient cohort of definitive and
adjuvant patients with HNSCC (20 total).19 They found a
benefit to adaption in patients receiving definitive RT for
bulky disease but found only a small percent of postopera-
tive patients had significant enough changes at week
3 and/or 6 to trigger adaptation.

It is worth mentioning that the available literature per-
tains to hand-crafted plans by dosimetrists/physicists that
allow for fine tuning of structures during replanning. In
this study, automatic replanning of the Ethos TPS was
used based on prespecified directives (eg, PTV V100%
covering 95% as the highest goal, followed by contralateral
parotid/submandibular gland mean dose constraints and
then hot spot goals). Because the traditional replanning
process requires resimulation, adaptation has been gener-
ally performed once during the treatment course in these
published studies. The optimal timing of this single adap-
tation is uncertain, with some studies suggesting early
replanning, around week 2, and others arguing for a later
timepoint after week 3 to 4, with these differences likely
because of the heterogeneity of patient population ana-
lyzed and the reasons prompting ART.3,20 Manuscripts
with small numbers have explored the question of ideal
frequency of adaptation in the definitive setting, with 1
study showing 94% of the maximum dosimetric benefit
obtained with 3 replans during the treatment course and
another study suggesting no additional benefit of replan-
ning more than weekly.15,21 The calculus may be quite dif-
ferent with postoperative RT, as the tumor volumes do
not change and delivered dose deviations may be more
sensitive to weight and treatment-related edema. Our
study confirms that weekly adaptation is beneficial versus
a single adaptation in the adjuvant setting, although the
question of adapting more frequently (eg, daily), remains
unclear.

Given the dosimetric results of the current analysis,
assessing the clinical significance and anticipated magni-
tude of benefit to OAR doses requires a review of the rele-
vant literature. A prospective analysis of parotid gland
dose-volume effects estimated loss of salivary function at
a rate of 5%/1 Gy of mean dose.22 Similarly, every 1 Gy
reduction in mean dose to the submandibular gland
reduced the probability of severe xerostomia by 2% to
2.5%.23 Additional data support the importance of sparing
the contralateral submandibular gland during head and
neck IMRT with improvements in recovery of saliva out-
put and lower grades of xerostomia,24 which is particu-
larly relevant in the postoperative setting where many
patients have their ipsilateral submandibular gland
removed during the neck dissection. For the mandible,
dose response analyses suggest V50 and V60 Gy of the
mandible correlate with rates of osteoradionecrosis,25,26

and limiting D30% of the mandible to less than 35 Gy
may reduce the risk of osteoradionecrosis to 5% or less.27
Spinal cord dose parameters are well established,28,29 and
although both the scheduled and adaptive plans met con-
ventional constraints, adaptive plans can improve the
maximum dose, ensuring the principle of as low as rea-
sonably achievable. This can become clinically relevant if
patients were to require reirradiation.

Achieving adequate doses to the postoperative bed
established by prospective data30 and ensuring dose
homogeneity of the target volume are fundamental
aspects of head and neck treatment planning. More than
half of the patients in this cohort had a surgical flap, and
the flap can swell and contract during RT, resulting in
changes to PTV coverage in a critical area of the postoper-
ative field.10,17 Adaptative RT allows adjustments to
account for these inevitable changes to the target volume
during the treatment course. One study found a locore-
gional control benefit with midtreatment adaptive replan-
ning in patients with HNSCC receiving IMRT (88% vs
79%; P = .01).17 The current study demonstrated a signifi-
cant improvement in high-risk PTV coverage with weekly
OnART (6.2% and 3.0%, respectively, for the CFRT and
HFRT cohorts), and prospective studies will be needed to
demonstrate whether such differences lead to meaningful
gains in oncologic outcomes.

There are sparse data on OnART in general for
HNSCC, mainly because of the relative novelty of online
adaptive systems such as Varian Ethos. Yoon et al31 per-
formed a proof of concept retrospective simulation study
in 5 patients receiving definitive RT for HNSCC using the
Ethos TPS and concluded the feasibility of the workflow
as well as the accuracy of the artificial-intelligence-driven
contouring and plan optimization. The unsupervised
adapted plans without human input appeared to spare
OARs better than the original plans. Another small study
of 2 patients examined OnART using Elekta Unity MR
Linac (Stockholm, Sweden) and found it to be a practical
workflow.32 Although several options now exist for online
adaptation capability, the early literature has focused on
their feasibility. Additional studies are urgently needed to
further delineate the dosimetric and clinical advantages of
OnART.

The current study has several limitations that could
have contributed to the reported results. Although this
was a larger cohort of patients compared with other
recent works, the sample size is still small, with 12 patients
each receiving CFRT and HFRT. The patients had varied
primary disease sites, type of surgery, and radiation treat-
ment fields. For example, a meaningful number of
patients underwent resection of the ipsilateral or bilateral
submandibular glands as displayed in Table 1, so the dosi-
metric data for any given metric were based on fewer
patients than the total sample size. Also, approximately
half of the patients in each dose fractionation cohort were
treated with ipsilateral versus bilateral neck fields, which
can significantly affect the dosimetry to OARs and the
level of challenge it poses for the Ethos TPS to meet dose
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constraints. Although this adds heterogeneity to the data,
it also reflects the range of patients receiving postoperative
RT in the clinic. Finally, the Ethos system requires the
operator to provide a list of planning parameters and its
priority, which was kept uniform with PTV coverage as
the highest priority. In reality, the parameters and priori-
ties will be modified based on the specific patient and
tumor characteristics when performed in clinic, and thus
the results can be different for individual cases. In addi-
tion, this study does not provide direct insight into clinical
or patient-reported outcomes with ART given its retro-
spective nature. Our department is currently conducting a
prospective study of OnART in patients receiving postop-
erative RT for HNSCC to address these questions.
Conclusion
Patients receiving adjuvant RT for HNSCC may bene-
fit from online ART when performed frequently, with an
improvement in PTV coverage and heterogeneity,
although there were minimal differences in OAR doses.
Prospective studies are needed to determine the potential
gains in clinical outcomes of OnART in this setting, and
such a study is ongoing at our institution.
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