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Purpose: Radiation therapy (RT) plays a key role in the management of esophageal cancer (EC). However, toxicities caused by
proximity of organs at risk (OAR) and daily target coverage caused by interfractional anatomic changes are of concern. Daily online
adaptive RT (oART) addresses these concerns and has the potential to increase OAR sparing and improve target coverage. We present
the first clinical experience and dosimetric investigations of cone beam CT-based oART in EC using the ETHOS platform.
Methods and Materials: Treatment fractions of the first 10 EC patients undergoing cone beam CT-based oART at our institution
were retrospectively analyzed. The prescription dose was 50.4 Gy in 28 fractions. The same clinical target volume (CTV) and planning
target volume (PTV) margins as for nonadaptive treatments were used. For all sessions, the timestamp of each oART workflow step,
PTV size, target volume doses, mean heart dose, and lung V20Gy of both the scheduled and the adapted treatment plan were analyzed.
Results: Following automatic propagation, the CTV was adapted by the physician in 164 (59%) fractions. The adapted treatment plan was
selected in 276 (99%) sessions. The median time needed for an oART session was 28 minutes (range, 14.8-43.3). Compared to the scheduled
plans, a significant relative reduction of 9.5% in mean heart dose (absolute, 1.6 Gy; P = .006) and 16.9% reduction in mean lung V20Gy (absolute,
2.3%; P < .001) was achieved with the adapted treatment plans. Simultaneously, we observed a significant relative improvement in D99%PTV
and D99%CTV by 15.3% (P < .001) and 5.0% (P = .008), respectively, along with a significant increase in D95%PTV by 5.1% (P = .003).
Conclusions: Although being resource-intensive, oART for EC is feasible in a reasonable timeframe and results in increased OAR sparing and
improved target coverage, even without a reduction of margins. Further studies are planned to evaluate the potential clinical benefits.
© 2024 The Authors. 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/).
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Introduction
Esophageal cancer (EC) is the seventh most common can-
cer and the sixth leading cause of cancer-related mortality
worldwide.1 Treatment of EC typically includes preoperative
radiochemotherapy (RCHT) or perioperative chemotherapy
and surgery in a neoadjuvant setting, as well as definitive
RCHT for nonoperable cases. Despite improvement in onco-
logical outcomes using multimodality treatment compared to
surgery alone, the 5-year survival rate remains poor.2

Although the mortality rate in patients with EC is primarily
cancer-related, cardiovascular, and respiratory causes of death
become increasingly significant over time, particularly 5 years
after diagnosis.3 Given the large clinical target volumes
(CTVs) required in radiation therapy (RT) for EC, improving
dose delivery to target volumes and better sparing of organs
at risk (OAR) could potentially reduce treatment-related tox-
icity and improve oncological outcomes in EC. Several studies
have demonstrated considerable esophageal motion because
of respiration, peristalsis, and varying stomach and bowel fill-
ing.4-7 Additionally, substantial interfractional tumor size
reduction during RCHT has been described, which can sub-
sequently cause OARs to shift into the high-dose region.8,9

Reducing radiation dose to OARs is achievable to some
extent using modern RT techniques such as intensity modu-
lated RT (IMRT)10 or proton therapy (PT).11 However, nei-
ther IMRT nor PT accounts for changes in daily anatomy.
Online adaptive radiation therapy (oART) allows for daily
optimization of the RT plan, potentially reducing the dose to
OARs while achieving better coverage for target volumes.
Boekhoff et al12 reported an in-silico assessment of the dosi-
metric benefits of MR-guided RT (MRgRT) for EC. Their
findings suggest that MRgRT has the potential to reduce the
dose to the heart and lungs. However, there is currently no
data in the literature on cone beam CT (CBCT)-based oART
for EC. This study aims to investigate the feasibility of
CBCT-based oART for patients with EC using the ETHOS
machine (Varian). Additionally, we present dosimetric analy-
ses comparing adapted and nonadapted treatment plans for
the first 10 EC patients treated with CBCT-based oART.
Materials and Methods
Patients and treatment

RT sessions of the first 10 patients with EC treated at our
institution with CBCT-based oART between January 2022
and December 2022 were analyzed. RT was delivered con-
comitantly with chemotherapy either as a definitive treatment
or in the neoadjuvant setting. Planning CT (PL-CT) with a
3 mm slice thickness was performed 7 to 10 days before the
start of oART in free breathing and without contrast
medium. Patients were instructed to fast for at least 4 hours
before both the PL-CT and the treatment sessions to
minimize stomach variations. Positron emission tomography
(PET)-CT images were registered to the PL-CT and target
delineation was performed according to expert consensus
contouring guidelines for IMRT in EC.13 Diagnostic CT
images, PET-CT, and gastroscopy findings were used to
delineate the gross primary tumor volume (GTV_PT) and
gross lymph node disease (GTV_LN). The CTV was defined
as an expansion of GTV_PT superiorly by 3 cm, radially by
1 cm in all directions (with a maximum of 0.5 cm into the
heart and liver), and inferiorly to encompass the lesser gastric
curvature and coeliac lymph nodes. The planning target vol-
ume (PTV) was generated as a derived structure by expand-
ing the CTV 0.5 cm in all directions. As we planned to test
the feasibility of oART for EC, the same margin concept as in
regular nonadaptive treatment plans for EC was applied. We
adhered to the aforementioned contouring guidelines in the
reference situation and every oART session, which means
that no margin reduction was employed for the CTV or PTV
(see patient examples in Fig. 1A, B). Treatments were deliv-
ered to a prescription dose of 50.4 Gy in 28 fractions using
either an IMRT plan (12 fields) or a volumetric intensity
modulated arc therapy (VMAT, 3 full arcs) plan. RT plans
were normalized such that 100% of the prescribed dose cov-
ered 50% of the PTV. All patients gave informed consent
prior to initiation of treatment. A waiver from the competent
ethics committee was obtained for this study (Kantonale
Ethikkommission Bern).
Online adaptive workflow

Initially, we planned 40-minute time slots for oART on
the ETHOS machine, which could be reduced to 30 minutes
over time. The online adaptive workflow was as follows.

(1) CBCT acquisition: First, a CBCT of the treatment area
was performed by radiation therapists (RTTs). We
used the thorax-fast protocol, which resulted in fewer
artifacts and improved image quality. After the CBCT
acquisition, the responsible MD was called to the
ETHOS machine by the RTTs.

(2) Influencer review: The contours of certain OARs, the so-
called "influencers,” were propagated from the PL-CT
onto the daily CBCT. For EC the influencers include the
heart, both lungs, the esophagus, and, depending on the
tumor’s location, also the stomach (lower EC) or trachea
(middle/upper EC). RTTs began reviewing and correct-
ing the influencer structures. MDs then reviewed the
influencer contours in each session. These influencer
structures assist the AI-based system in shaping and
positioning the daily target volumes appropriately. At
the end of this step, the responsible medical physicist
(MP) was called to the treatment machine.

(3) Target volumes review: Next, the ETHOS system
propagated the target volumes from the reference PL-



Figure 1 Mediastinal and abdominal patient examples showing in color wash the distribution of ≥95% of the prescribed dose in
the reference situation (left), scheduled plan (middle), and adapted plan (right) under treatment. In the mediastinal example (panel
A), reduced esophageal dilatation under treatment (session 13) results in smaller target volumes and therefore less dose to organs at
risk in the adapted plan compared to the scheduled plan. Mean heart dose was 17.4, 20.2, and 17.4 Gy, and mean lung V20Gy was
16.8%, 17.3%, and 12.6% for the reference, scheduled, and adapted plan, respectively. In the abdominal example (panel B, session
25), changes in stomach anatomy under treatment lead to suboptimal coverage of target volumes with the scheduled plan.
D99%PTV was 96.1%, 78.6%, and 95.5%, and D95%PTV was 98.3%, 94.2%, and 98.1% for the reference, scheduled, and adapted
plans, respectively. Note that, according to contouring guidelines, the clinical target volume (CTV) (orange outline) extends up to 1
cm into the lungs (blue), and 0.5 cm into the heart (white) and liver (brown) in both the reference and adapted situations.
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CT onto the daily CBCT. If necessary, MDs reviewed
and adjusted the target structures. Finally, the PTV
was automatically derived from the CTV.

(4) Plan selection and online quality assurance (QA): For
dose calculation, a synthetic CT was generated in the
background, combining the Hounsfield Units from the
PL-CT and anatomy from the daily CBCT. Based on
OARs and target volume contours on the CBCT, 2 RT
plans were generated: a “scheduled” and an “adapted”
treatment plan. The scheduled plan is a recalculation of
the reference RT plan on the synthetic CT, while the
adapted plan is a new optimization of the reference
plan on daily anatomy with initial constraints. These 2
plans were then compared and validated by MDs and
MPs. For the adapted plan, a daily independent dose
calculation was conducted for QA during each session
using Mobius3D version 4.0.2 (Varian).
Data collection

A logbook was maintained for all patients to document
every oART session. This included influencer and target
volume adaptations, treatment plan selection (scheduled vs
adapted), and dosimetric parameters. For each treatment
session, both the scheduled and the adapted treatment
plans were evaluated by comparing the following parame-
ters: mean dose to the heart, V20Gy for the lungs, minimal
dose (D99%), maximal dose (D1%), and dose coverage
(D95%) for the target volumes CTV and PTV. Addition-
ally, the PTV size for each session was captured to assess
the changes throughout the treatment. Furthermore, the
timestamp of all workflow steps, including the first CBCT
acquisition, target volume adaptation, plan review, acquisi-
tion of the second CBCT, and session closure were
recorded to assess the time needed for each specific work-
flow step. The timestamp of the first CBCT was marked as
the beginning and session closure as the end of every
oART session. Treatment delivery time was defined as the
time needed from the second CBCT to session closure.
Statistical analysis

Dosimetric parameter differences between the sched-
uled and adapted treatment plans were analyzed using a
paired t test in SPSS version 28.0.1.1 (IBM). A P value
<.05 was considered statistically significant. Box plots and



Table 1 Patient characteristics

Characteristics All patients (n = 10)

Age, y 72 (35-85)

Sex

Female 3 (30)

Male 7 (70)

Histology

Adenocarcinoma 8 (80)

Squamous cell carcinoma 2 (20)

Tumor localization

Middle esophagus 2 (20)

Lower esophagus or GEJ 8 (80)

T-Stage

T2 2 (20)

T3 8 (80)

N-Stage

N0 3 (30)

N1 6 (60)

N2 1 (10)

M-Stage

M0 10 (100)

Treatment concept

Definitive RCHT 3 (30)

Neoadjuvant RCHT 7 (70)

Radiation dose

28 £ 1.8 Gy = 50.4 Gy 10 (100)

Treatment technique

VMAT 1 (10)

IMRT 9 (90)

Values represent numbers (percent) or median (range).
Abbreviations: GEJ = gastroesophageal junction; IMRT = intensity
modulated radiation therapy; RCHT = radiochemotherapy;
VMAT = volumetric intensity modulated arc therapy.

Figure 2 Median times needed for the whole online
adapted radiation therapy (oART) process and each work-
flow step.
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linear regression analyses were employed to examine daily
PTV size changes.
Results
Table 1 summarizes patient and tumor characteristics.
A total of 3 female and 7 male patients with a median age
of 72 years were analyzed in this study. The majority
(n = 8, 80%) of tumors were adenocarcinomas (ACC) of
the lower esophagus or gastroesophageal junction (GEJ),
and all tumors were locally advanced (either T3 or N+).
Two patients had a T3 squamous cell carcinoma of the
middle esophagus. RCHT was administered in a
neoadjuvant setting in 70% and with definitive intent in
30% of the cases. Radiation was delivered with a 12-beam
IMRT plan in 9 (90%) patients and with a VMAT plan in
1 (10%) patient.

In all 280 sessions, the influencer structures were manu-
ally adapted by RTTs and/or MDs. After propagation,
adaptation of the CTV was necessary in 164 sessions
(59%). The adapted treatment plan was selected for deliv-
ery in 276 (99%) fractions. In the remaining 4 (1%) ses-
sions, the scheduled plan was chosen because of the
excessive dose to the lungs in the adapted plan. The median
time required for the whole oART session was 28 minutes
(range, 14.8-43.3; see Fig. 2) while adapting the influencer
structures and target volumes took a median of 10 minutes
(range, 4.9-24.1). The median time from target adaptation
to reviewing the adapted plan was 12.8 minutes (range,
7.1-23.1). Overall, the plan review process was typically
completed after 22.2 minutes (median, range, 9.4-36.7).
Median treatment application time was 5.2 minutes (range,
3.5-10.7).

The mean dosimetric values per fraction concerning
target coverage and OAR dose are summarized in Table 2,
and Fig. 1 illustrates patient examples. Overall, compared
to the scheduled treatment plans, the mean heart dose
was significantly reduced by 9.5% (absolute, 1.6 Gy;
P = .006) with the adapted treatment plans, while the
mean lung V20Gy was significantly reduced by 16.9%
(absolute, 2.3%; P < .001). Concomitantly, there was a sig-
nificant improvement in D99%PTV and D99%CTV by
15.3% (absolute, 14.4%; P < .001) and 5.0% (absolute,
4.9%; P = .008), respectively. Additionally, a significant
increase in D95%PTV by 5.1% (absolute, 5.0%; P = .003)
was achieved with the adapted plan, while D95%CTV was
not significantly different (P = .07). A per-patient analysis
concerning the mean heart dose, mean lung V20Gy, mean



Table 2 Mean dosimetric values per fraction concerning target coverage and OAR dose for both the scheduled and
adapted treatment plans including all 10 patients

Dose/volume
parameter

Scheduled
mean § SD

Adapted
mean § SD

Absolute difference
mean § SD

Relative
difference (%) P value

PTV D99% (%) 79.7 § 8.6 94.1 § 3.9 14.4 § 2.6 +15.3 <.001

D95% (%) 92.3 § 3.9 97.3 § 1.9 5.0 § 1.2 +5.1 .003

D1% (%) 103.8 § 1.6 102.1 § 0.3 −1.7 § 0.5 −1.7 .005

CTV D99% (%) 93.3 § 4.5 98.2 § 0.3 4.9 § 1.4 +5.0 .008

D95% (%) 97.8 § 1.7 98.9 § 0.2 1.1 § 0.5 +1.1 .070

D1% (%) 103.9 § 1.4 101.7 § 0.4 −2.2 § 0.4 −2.2 <.001

Heart Dmean (Gy) 18.5 § 3.9 16.9 § 3.6 −1.6 § 0.4 −9.5 .006

Lungs V20Gy (%) 15.9 § 4.9 13.6 § 4.8 −2.3 § 0.3 −16.9 <.001

Target dose parameters are reported in percent values, whereas 1.8 Gy (prescribed fraction dose) equals 100%.
Abbreviations: CTV = clinical target volume; Dmean = mean dose; OAR = organ at risk; PTV = planning target volume.
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D99%PTV, and mean D95%PTV is depicted in Fig. 3. For
all 10 patients, a reduction in mean lung V20Gy was
achieved with the adapted treatment plans while improv-
ing target coverage. Only 1 patient (patient 5) experienced
a slight increase in mean heart dose with the adapted
treatment plans, which was offset by a substantial
improvement in target coverage.

The development of PTV sizes over the course of all 28
oART sessions and daily PTV sizes of all 10 patients are
displayed in Fig. 4A, B, respectively. The mean initial
PTV size was 766 cm3 (range, 621-980 cm3), and the
mean PTV size over 28 fractions was 717 cm3 (range,
554-871 cm3). In all but 1 patient, the mean PTV size
decreased after completing the 28 oART sessions com-
pared to the reference PTV size; the mean absolute and
relative PTV size reduction was �49 cm3 (range, �109 to
+20 cm3) and �6% (range, �14% to +3 %), respectively.
Three patients with the greatest relative reduction in
mean PTV size (patient 1, �14%; patient 4, �11%; and
patient 7, �10%) also showed the largest relative reduc-
tion in mean heart dose with the adapted treatment plans
(�16%, �20%, and �14%). Two of them were also
among the top 3 patients who benefited most in terms of
lung V20Gy. However, improvement in D99%PTV was
more limited for these patients (+12.8%, +5.6%, and
+1.9%). All 3 patients had ACCs of the lower esophagus/
GEJ and 2 patients had T3 tumors. Similarly, the 3
patients who saw the greatest benefit in D99%PTV (patient
5, +34.7%; patient 6, +38.1%; and patient 10, +22.6%) also
had ACCs of the lower esophagus or GEJ, but saw some
of the smallest reduction in mean PTV size (+3%, �1%,
and �7%).
Discussion
We report our first experiences with CBCT-based
oART for patients with EC. While oART presents
challenges because of its demands on resources, time, and
expertise, we established a workflow with regular daily
30-minute slots in our department. We hypothesized that
daily online adaptation of the RT plan for EC patients
could improve the sparing of OARs and target coverage.
To the best of our knowledge, no study has analyzed the
potential of CBCT-based oART in real patients with EC.
Boekhoff et al12 conducted an in-silico assessment of the
dosimetric benefits of MRgRT for EC. They reported a
significant reduction in OAR dose with MRgRT com-
pared to the conventional image guided RT (IGRT)
method. However, they employed smaller margins in the
MRgRT simulation workflow, which could explain the
reported reductions in PTV volumes and OAR dose. We
demonstrated a significant relative and absolute reduction
in the mean heart dose by 9.5% and 1.6 Gy (P = .006),
respectively, for adapted plans compared to scheduled
plans. Furthermore, we achieved a 16.9% reduction (abso-
lute, 2.3%; P < .001) in mean lung V20Gy with the adapted
treatment plan. Zheng et al3 demonstrated in their SEER
database analysis on causes of death in EC patients that
10 years after diagnosis almost 60% of EC patients died
from noncancer causes, while cardiovascular disease was
the major noncancer cause of death in 43% of patients.
Additionally, research on radiation-induced toxicity fol-
lowing RCHT for EC has revealed several associations
between increased dose to the lungs and heart and an ele-
vated risk of pulmonary and cardiac complications, along
with increased mortality.14-19 In a retrospective analysis
of 560 EC patients treated with RCHT, Xu et al18 found
that heart V30Gy >45% and mean lung dose >10 Gy were
independently associated with worse survival, as well as
cardiac and pulmonary toxicity. The authors concluded
that efforts should be made to minimize radiation expo-
sure to the heart and lungs as much as possible. We
intend to conduct a prospective analysis to assess whether
the reduction in mean heart dose and lung V20Gy observed
in our cohort results in decreased toxicity.



Figure 3 Per-patient dosimetric differences in (A) mean heart dose, (B) mean lung V20Gy, (C) mean minimal planning target vol-
ume (PTV) dose (= PTVmin), and (D) mean PTV coverage dose (= PTVcov) comparing the adapted and the scheduled plans.

Figure 4 (A) Development of the planning target volume (PTV) size over the period of all 28 online adapted radiation therapy
(oART) sessions. Each color represents a patient and the dashed lines represent linear regressions of the corresponding data
points. Session 0 describes the PTV size on the reference planning computed tomography (PL-CT). (B) Box plot of the daily
PTV sizes of all 10 patients. The box represents the interquartile range (IQR), the line shows the median, and the “x” indicates
the mean value. Circles represent outliers beyond 1.5 £ IQR.
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In addition to reducing radiation dose to the heart
and lungs, we achieved substantially improved target
coverage for our first 10 EC patients treated with
oART. With the adapted plans, we observed significant
increases in D99%PTV and D99%CTV by 15.3% (abso-
lute, 14.4%; P < .001) and 5% (absolute, 4.9%;
P = .008), respectively. Moreover, the mean PTV cov-
erage (= D95%PTV) was significantly improved by
5.1% (absolute, 5.0%; P = .003). These results are con-
sistent with findings reported in the literature that
analyzed oART for other tumor entities.20,21 While it
is generally accepted that improved and consistent tar-
get coverage throughout the treatment course is desir-
able, further studies are needed to demonstrate that
oART can lead to a meaningful benefit in locoregional
control. We aim to report on the oncological outcomes
of EC treated with oART in a larger cohort.

Recently, several studies have also reported on the
potential for margin reduction using CBCT-based oART
in various tumor entities; however, data on EC are lack-
ing.22-24 With daily adapted treatment plans, interfraction
uncertainties are minimized, and systematic errors are
transformed into more random variations. Consequently,
PTV margins could potentially be reduced using oART.25

Additionally, contouring guidelines for IMRT in EC sug-
gest that the CTV is extended up to 1 cm into the lungs
and 0.5 cm into the heart and liver. If there is no infiltra-
tion of these OARs and the boundary with the esophagus
is clearly distinguishable on daily CBCT, the CTV could
potentially be cropped from these OARs using oART.
Incorporating both of these potential margin reductions
would result in drastically smaller target volumes for EC;
however, care must be taken to avoid target undercover-
age because of the remaining intrafraction uncertainties.
Boekhoff et al26 observed a generally modest intrafraction
shift (<0.5 cm), but noted a high interpatient variability.
We performed a second CBCT immediately before dose
delivery for position verification and used a 0.5 cm CTV
to PTV margin, thus limiting the risk of target underco-
verage caused by intrafraction motion. As one of our aims
in this study was to demonstrate the feasibility of oART
for patients with EC, we used the same margins for treat-
ment planning as in the nonadaptive IGRT workflow, and
we preferred to analyze the potential of margin reduction
in CBCT-based oART for EC in a prospective study. Con-
sequentially, observing adequate CTV coverage in our
cohort with scheduled plans demonstrates that the default
margin concept applied in nonadaptive IGRT treatments
seems to be reasonable.

We noted substantial changes in daily PTV sizes, even
though patients were instructed to fast for ≥4 hours
before the treatment. Target definition is influenced not
only by changes in daily anatomy and tumor size but also
by the treating MD, introducing a degree of interobserver
variability. Moreover, the breathing phase in which the
CBCT is performed likely also contributes to volume
variations. We are currently assessing the use of oART
during breath-hold in combination with a surface scan-
ning system. This approach should reduce volume varia-
tions and, as a secondary benefit, enhance CBCT image
quality. However, the PTV size tended to decrease during
the course of oART for almost all patients, as shown in
Fig. 4A. As the scheduled plan is based on the initial PTV
size from the reference PL-CT, an unnecessarily large vol-
ume would often be irradiated with the scheduled plan.
Conversely, target coverage of the adapted, smaller target
volume appears to be excellent, naturally, if an excessively
large volume were to be irradiated with the scheduled
plan. Yet, we simultaneously achieved improved target
coverage and OAR sparing for most of our patients with
the adapted plans. Our data suggest that patients with the
greatest reduction in PTV size benefit most in terms of
OAR dose reduction, but only to a limited extent with
regard to target coverage. On the other hand, those
patients with the greatest improvement in target coverage
showed the smallest PTV size reduction. It seems plausi-
ble that concerning target coverage tumor shrinkage plays
a subordinate role, while organ or tumor mobility may be
more significant. Our findings remain hypothesis-gener-
ating, given the small sample size and the fact that 80% of
our patients had ACCs of the lower esophagus or GEJ.
However, we presume patients with tumors located in the
lower esophagus/GEJ that regress under treatment are
more likely to profit from oART, because of the resulting
smaller target volumes and the greater mobility of the
lower esophagus.

Particularly for abdominal tumors, CBCT quality still
presents challenges for oART. Although the majority of our
patients (80%) had lower esophageal or GEJ tumors, there
was no need to repeat CBCT acquisition because of poor
image quality across all 280 fractions. This may primarily be
attributed to the target volume definition in EC. The CTV
can be contoured without difficulties given the contrast
between lungs and mediastinum, as well as the anatomic
area between stomach and liver (Fig. 1A, B for patient exam-
ples). We manually corrected the CTV volume in almost
60% of the fractions; however, we did not analyze the dosi-
metric differences between automatically generated and
manually adjusted target volumes. Mao et al20 evaluated the
auto-contouring and dose distributions for oART in patients
with locally advanced lung cancers. They found that manual
corrections of contours do not result in meaningful dosimet-
ric changes compared to the automatic contouring process.
We will consider this point for our further investigations.

Depending on the anatomic site, the time slots needed
for oART vary substantially. They can range from
12 minutes for prostate cancer to more than 35 minutes
for pancreatic carcinoma.27 For EC, we reported a median
time of 28 minutes. We interpret this as a reasonable time
slot for initial experiences in EC patients. As noted in the
literature, daily replanning time depends on the radiation
delivery technique, as VMAT plans require more time for
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reoptimization than IMRT plans.27 As reported in this
study, 9 out of 10 patients were treated with IMRT plans,
not only because of faster reoptimization time but also
because of superior plan quality compared to VMAT
plans. The quality of adapted plans was deemed accept-
able according to our internal guidelines, which are used
to analyze conventional IGRT treatments. We performed
independent daily online QA with Mobius3D (Varian),
for all adapted plans, and we never detected a significant
discrepancy between dose calculations from ETHOS TPS
compared to Mobius3D. Zhao et al28 showed that daily
plan QA may not be necessary for every fraction of oART
and recommended establishing a workflow with periodic
QA. This adjustment could further reduce the time
needed for an oART treatment.

There are limitations to this work. First, it is limited by
the small number of patients, and the retrospective nature of
the study introduces inherent biases. Second, influencer con-
touring and target volume adaptation are to some extent at
the discretion of the MD present at the oART session. This
inevitable interobserver variability was not further analyzed
in this study. Third, we neither used 4-dimensional PL-CT
nor reduced margins for target volumes, which could have
presumably led to even more pronounced dosimetric differ-
ences. However, as previously mentioned, we aimed to dem-
onstrate the feasibility of oART for EC, and we preferred to
focus on the latter points in a prospective trial.
Conclusions
In this study, we showed for the first time the feasibility
and successful implementation of CBCT-based oART for
patients with EC. We demonstrated significant dosimetric
benefits related to critical dose-volume parameters of the
heart and lungs, along with improved target coverage
using oART in this patient cohort. As a next step, we aim
to conduct further studies to assess the toxicity profile,
oncological outcomes, and the potential of margin reduc-
tion in oART for patients with EC.
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