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Abstract

BACKGROUND

Radjiation therapy, especially the development of linear accelerators, plays a key
role in cancer management. The fast-rotating coplanar O-ring Halcyon Linac has
demonstrated many advantages. The previous literature has mainly focused on
the machine parameters and plan quality of Halcyon, with a lack of relevant
research on its clinical application.

AIM
To evaluate the clinical performance of the O-ring Halcyon treatment system in a
real-world application setting.

METHODS

Data from sixty-one patients who were treated with the Halcyon system
throughout the entire radiotherapy process in Peking Union Medical College
Hospital between August 2019 and September 2020 were retrospectively
reviewed. We evaluated the target tumour response to radiotherapy and
irradiation toxicity from 1 to 3 mo after treatment. Dosimetric verification of
Halcyon plans was performed using a quality assurance procedure, including
portal dosimetry, ArcCHECK and point dose measurements for verification of the
system delivery accuracy.
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RESULTS

Of the 61 patients in the five groups, 16, 12, 7 and 26 patients had complete response, partial
response, progressive disease and stable disease, respectively. No increase in the irradiated target
tumour volume was observed when separately evaluating the local response. Regarding
irradiation toxicity, no radiation-induced deaths were observed. Thirty-eight percent (23/61
patients) had no radiation toxicity after radiotherapy, 56% (34/61 patients) experienced radiation
toxicity that resolved after treatment, and 6% (4/61 patients) had irreversible adverse reactions.
The average gamma passing rates with a 2% dose difference and 2-mm distance to agreement for
IMRT/VMAT/SRT plans were ArcCHECK at 96.4% and portal dosimetry at 96.7%, respectively.
All of the validated clinical plans were within 3% for point dose measurements, and Halcyon’s
ArcCHECK demonstrated a high pass rate of 99.1% + 1.1% for clinical gamma passing criteria of
3% /3 mm.

CONCLUSION
The O-ring Halcyon Linac could achieve a better therapeutic effect on the target volume by
providing accurate treatment delivery plans with tolerable irradiation toxicity.

Key Words: Halcyon; Response evaluation; Irradiation toxicity; Dosimetric verification

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The fast-rotating coplanar O-ring Halcyon Linac has demonstrated many advantages in radiation
therapy. Unlike previous studies, which focused more on the machine parameters and quality control
aspects of the O-ring Halcyon Linac, our institution evaluated Halcyon more from the perspective of
practical clinical applications concerning radiotherapy effects and irradiation toxicity. The O-ring Halcyon
Linac can generate desired treatment plans that meet clinically accepted constraints, pass routine patient-
specific quality assurance for delivery accuracy verification, and present acceptable radiation toxicity
under prospective yield.

Citation: Wang GY, Zhu QZ, Zhu HL, Jiang LJ, Zhao N, Liu ZK, Zhang FQ. Clinical performance evaluation of
O-Ring Halcyon Linac: A real-world study. World J Clin Cases 2022; 10(22): 7728-7737

URL: https://www.wjgnet.com/2307-8960/full/v10/i22/7728.htm

DOI: https://dx.doi.org/10.12998/wjcc.v10.i22.7728

INTRODUCTION

With the development and advancement of precision radiotherapy and intelligent radiotherapy, the
requirements of radiotherapy equipment are also increasing. Rapid technology evolution and updated
radiotherapy equipment can better protect organs at risk (OARs) and deliver highly accurate treatment
to the target tissue[1,2]. A commercially available, fast-rotating coplanar O-ring linear accelerator
(Linac) Halcyon treatment platform was launched by Varian Medical Systems (Palo Alto, CA, United
States) in China in 2019. This machine is equipped with a single-energy six-megavolt (6 MV) fattening
filter-free (FFF) beam with a dual-layer staggered 1 cm-wide Multi-Leaf Collimator (MLC) and
compulsive image guide, which can achieve higher dose rates, reduce the out-of-field dose, and de-
crease head scatter and electron contamination compared to traditional flattened beams|[3,4]. With an O-
ring gantry and a rapid gantry rotation speed of 4 revolutions per minute (RPM), this Linac can greatly
reduce the scanning time for cone beam computed tomography (CBCT), which can in turn generate
more patient throughput[5]. Halcyon image-guided radiation therapy (IGRT) treatments are equipped
with fast kilovoltage cone beam CT (kV-CBCT) and support an iterative CBCT reconstruction algorithm
(iCBCT) that can provide better soft tissue display resolution[6,7] so that practitioners can obtain more
information from the collected images.

In terms of the plan quality and machine parameters of Halcyon, previous studies have focused more
on comparisons with C-arm Linac[5,8,9]. In contrast to C-arm Truebeam Linac (Varian Medical Systems,
Palo Alto, CA, United States), Halcyon has the highest achievable maximal dose rate of 800 MU/ min,
with two times faster leaf speed (5 cm/s), four times faster collimator rotation (2.5 RPM), and four times
faster gantry speed (4 RPM)[10]. In addition, the Halcyon system supports automatic couch shifting to
replace manual isocentre shifting and faster image-guided procedures, which can compensate for the
time needed, further improving daily treatment delivery accuracy, as well as patient compliance and
safety. These factors explain why C-arm Truebeam Linac has a higher maximum available dose rate
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setting (1400 MU/min) than Halcyon Linac (800 MU/ min), but the overall treatment time for Truebeam
is no longer than that for Halcyon.

The Halcyon system theoretically improves the quality of radiotherapy planning, improves the
positioning accuracy, shortens the treatment time, and has potential radiobiology advantages, but what
does it look like in practice? Halcyon version 2.0 was implemented in our institution and the
modulation resolution of MLC was 0.5 cm. Initial acceptance testing and commissioning data confirmed
that the machine met the manufacturer specifications described above. After using this machine for a
certain period, our institution has certain clinical experience and research foundations for its use. This
study therefore intends to retrospectively analyse patients treated with the Halcyon Linac at our
institution and evaluate the effectiveness, safety, and quality assurance of Halcyon products in clinical
application to provide a reference and suggestions for oncologists using Halcyon equipment.

MATERIALS AND METHODS

Patients

We retrospectively obtained data from sixty-one patients who were treated with the Halcyon system
throughout the entire radiotherapy process at the Department of Radiation Oncology, Peking Union
Medical College Hospital, between August 2019 and September 2020. According to treatment area, the
identified patients were divided into five groups, including the head and neck group, chest group,
abdomen group, pelvic group, and spine and bone group. The inclusion criteria were as follows: full use
of the Halcyon system throughout the entire radiotherapy process; completion of the radiotherapy plan;
a clear and evaluable target volume; and complete patient medical records, radiotherapy data and
follow-up information. Patients with the following clinical scenarios were excluded: other types of Linac
systems used during irradiation of the target volume; failure to complete the radiotherapy plan for
various reasons; loss to follow-up or a lack of patient clinical data; and no evaluation of the lesion.
Demographic and clinical information, including sex, race, age, clinical diagnosis, pathological type,
radiotherapy plan scheduling, course timeline, treatment progress, target volume, OARs, radiotherapy
positioning, dose, and concurrent therapy, were retrieved from electronic medical records and Linac
systems. At the same time, imaging evaluation data from before and after treatment and equipment
operation records, such as machine failure records and maintenance records, were consulted. This study
was reviewed and approved by the Institutional Review Board of Peking Union Medical College
Hospital (No. S-K1883).

Treatment approaches and follow-up
Radiotherapy was administered to patients according to the pathological characteristics of the lesion,
the patient’s physical status and willingness, and the doctor’s preference. Radiotherapy was performed
using a 6-MV X-ray Halcyon linear accelerator and intensity modulated radiotherapy (IMRT),
volumetric modulated arc therapy (VMAT) or stereotactic radiotherapy (SRT) modalities. All of the
patients met the indications for radiotherapy. All of the patients were scanned by a Philips Brilliance Big
Bore CT scanner to obtain CT-based simulation images, and the images were transmitted to an
Eclipse15.5 treatment planning system (Varian, United States). The doctors drew the target volumes and
OARs, the physicists designed the plan, and the therapists operated the equipment. CBCT examination
was performed before every treatment, and then radiotherapy was completed with the Halcyon Linac.
The imaging data of patients from 1 to 3 mo after treatment with the Halcyon Linac were reviewed
and compared with imaging data before treatment to evaluate the target tumour response after
radiation treatment. Tumour response was evaluated according to the Response Evaluation Criteria in
Solid Tumours (RECIST), except for bone metastasis. Bone tumour response was assessed using criteria
developed by the M.D. Anderson Cancer Center (MDA). Systemic progression, such as distant
metastasis, was recorded. All of the patients were followed up for 1 to 3 mo after radiotherapy by
outpatient, inpatient or telephone visits to evaluate them for irradiation toxicity. Toxicities, such as acute
skin reactions, myelosuppression, mucosal reactions, radiation pneumonia or gastrointestinal disorders,
were evaluated using the Common Terminology Criteria for Adverse Events Version 4.0 (CTCAE 4.0).

Quality assurance

Dosimetric verification of Halcyon plans was performed using quality assurance procedures such as
portal dosimetry, ArcCHECK and point dose measurements to verify the system delivery accuracy[11].
The treatment delivery accuracy was evaluated by delivering a plan in quality assurance measurement
mode to the Linac via an on-board electronic portal imaging device (EPID) imager and recording the
gamma analysis pass rates via portal dosimetry. For portal dosimetry, gamma evaluation criteria of
2% /2 mm with a 10% low dose threshold were used. A cube solid water phantom with multiple water-
equivalent plastic blocks and spacers was used to verify the dose distributions for the clinical plans[12],
and the measured point doses were compared to point doses calculated at the same location. Then,
percent differences were reported. ArcCHECK (SunNuclear, FL, United States) used 3% /3 mm and
2% /2 mm gamma evaluation criteria with low dose thresholds of 5% and 10%, respectively, to compare
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planar doses.

RESULTS

Patient characteristics

Between August 2019 and September 2020, a total of 61 patients who completed radiotherapy by
Halcyon were enrolled. There were 12 patients in the head and neck group, 13 in the chest group, 10 in
the abdomen group, 14 in the pelvic group, and 12 in the spine and bone group. Among them, cervical
cancer was the most common cancer type (18%; 11 patients). One patient was treated with SRT, 21
patients with IMRT, and 39 patients with VMAT. Regarding the irradiated site, 56% of patients were
treated for a primary tumour, 1% for recurrence in situ postoperatively, and 43% for metastasis. Table 1
summarizes the clinical characteristics of the enrolled patients.

Effects of radiotherapy

By comparing the imaging data of patients before and 1-3 mo after treatment and the results of other
auxiliary examination methods, the changes in the tumour size of the irradiated site before and after
treatment were evaluated. The detailed response evaluations and the time intervals for evaluation are
shown in Table 2. The irradiated lesions of most patients were evaluated for nearly 1 mo after
radiotherapy. The most effective response, reported complete response (CR), was in the pelvic group,
with nine cases of cervical cancer. Seven patients experienced distant metastasis within 1 to 3 mo after
the completion of radiotherapy, indicating progressive disease (PD). In the abdomen and spine and
bone groups, the results showed that the majority of patients had stable disease.

Irradiation toxicity

All of the patients completed the prescription dose of radiotherapy. Regarding toxicity, no radiation-
induced deaths were observed. According to the outpatient, inpatient or telephone follow-up records,
none of the patients felt discomfort during radiotherapy. Thirty-eight percent (23/61 patients) had no
radiation toxicity after radiotherapy, 56% (34/61 patients) had radiation toxicities that resolved after
treatment, and 6% (4/61 patients) had irreversible adverse reactions. The most common adverse effect
was a haematological reaction (57%; 35/61 patients). Among the patients experiencing haematological
reactions, 26 patients had grade 1-2 myelosuppression, but no patients had grade 4 myelosuppression
during follow-up. In the head and neck group, the radiation toxicities observed after subsequent
treatment were hypogeusia (2 patients), oral ulceration (3 patients), dysphagia (2 patients), and
increased and sticky pharyngeal secretion (1 patient), which resolved after treatment. In the chest group,
the radiation toxicities that resolved after treatment included radiation pneumonitis, radiodermatitis,
cutaneous pigmentation, chest and back pain (one case of each). There were few adverse reactions other
than myelosuppression, urinary tract reactions and gastrointestinal tract reactions in the abdomen,
pelvic, spine and bone groups. Regarding long-term complications, two patients from the head and neck
group had xerostomia, one patient with brain metastases receiving SRT had hypomnesia, and one
patient with lung cancer developed radiation pulmonary fibrosis.

Quality assurance

Table 3 shows the mean values of the treatment delivery parameter (and range) differences, including
point dose measurements, ArcCHECK (2 mm/2%), ArcCHECK (3 mm/3%) and portal dosimetry. A
total of 61 plans were generated in the Eclipse15.5 treatment planning system, and we performed 29, 20,
23, and 16 dosimetric verifications of the Halcyon plans for the above treatment delivery parameters. All
of the ArcCHECK results were greater than 95% with 3 mm/3% gamma criteria, and only two portal
dosimetry (88.6% and 89.7%) results were less than the 10% low dose threshold. The results of point
dose measurements were all controlled at 3%. Figure 1 shows an example of the predicted dose
compared with the detected dose.

DISCUSSION

We explored the effectiveness, safety, and quality assurance of Halcyon in clinical application between
June 2015 and July 2018 by analysing 61 patients subdivided into five groups. Our results showed that
O-ring Halcyon Linac could achieve a better therapeutic effect on the target volume by providing
accurate treatment delivery plans with tolerable toxicity of irradiation. For clinics that use Halcyon for
treatment delivery, administering radiotherapy with this system is feasible and safe.

According to previous studies, the Halcyon treatment platform showed good performance for
radiotherapy modalities. An early study by Cozzi et al[13] reported that Halcyon could deliver
radiotherapy to conventionally fractionated breast, head and neck, and high-risk prostate tissue quickly
and effectively with plans of similarly high clinical quality when compared to the C-arm Linac. Pokhrel
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Table 1 Clinical characteristics

Characteristics Number (n) Percent (%)
Median age (yr) 59

Age range (yr) 26-82

Sex

Male 33 54
Female 28 46
Treatment area

Head and neck 12 20
Chest 13 21
Abdomen 10 16
Pelvic 14 23
Spine and bone 12 20
Treatment type

Primary tumour 34 56
Recurrence in situ 1 1
Metastasis 26 43
Radiation technology

IMRT 21 35
VMAT 39 64
SRT 1 1
Concurrent therapy

Chemotherapy 15

Other' 15

No 31

Radiation toxicities

No 23 38
Cured after treatment 34 56
Yes 4 6

Targeted therapy/immunotherapy/endocrine therapy.

IMRT: Intensity modulated radiotherapy; VMAT: Volumetric modulated arc therapy; SRT: Stereotactic radiotherapy.

Jaishideng®

et al[14] reported an analysis of stereotactic body radiation therapy (SBRT) treatment of abdominal and
pelvic oligometastatic lymph nodes with single-isocentre VMAT using Halcyon. They showed that
acceptable plan quality and effective treatment delivery could be achieved for SBRT using the Halcyon
Linac. These studies demonstrate that the Halcyon platform can generate treatment plans that meet
clinically accepted constraints and pass routine patient-specific quality assurance testing for delivery
accuracy verification. Compared with these previous studies, which mostly reported product per-
formance from plan quality and machine parameters, we focused more on the effectiveness and safety
of the Halcyon system in clinical practice applications. In our study, patients were divided into five
groups according to the irradiated site and received mainly conventional fraction dose radiotherapy
using IMRT and VMAT, which is closely related to daily clinical application.

Assessment of solid tumour response, except for in the spine and bone group, was performed using
criteria developed by RECIST, version 1.1[15]. Four patients were evaluated as having PD due to distant
metastasis, but no increase in the irradiated target tumour volume was observed when separately
evaluating the local response. This finding demonstrated the effectiveness of Halcyon for the local
control of cancer. In the previous literature, there have been few evaluations of the efficacy of a specific
machine in the field of radiotherapy. Early disease-control outcomes in patients treated with Halcyon
were comparable to published reports with no recurrences in the radiation field, although with a
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Table 2 Response evaluation and time interval for evaluation

The time interval for evaluation (n) Response evaluation (n)
S 1mo 2mo 3mo CR PR PD SD
Head and neck 6 4 2 5 3 1 3
Chest 7 6 0 0 4 3 6
Abdomen 6 4 0 0 2 0 8
Pelvic 13 1 0 1 2 0 1
Spine and bone ) 6 1 0 1 8 8
Total 37 21 3 16 12 7 26

CR: Complete response; PR: Partial response; PD: Progressive disease; SD: Stable disease.

Table 3 mean * SD values of treatment delivery parameters (and range)

Dosimetric Point dose measurements ~ ArcCHECK (2%/2 mm)  ArcCHECK (3%/3 mm)  Portal dosimetry (2%/2 mm)
verification (%) (%) (%) (%)

Head and neck 0.26 £1.1 (-0.22-1.92) 95.5 £ 1.8 (93.2-97.7) 99.4 £ 0.5 (98.8-100) 97.8 +2.4 (93.3-100)

Chest 14 0.6 (0.45-2.18) 97.63 + 1.1 (96.1-98.4) 99.2 + 0.8 (97.9-100) 89.7

Abdomen 1.11 £ 0.7 (0.23-2.01) 97.1£2.0 (95.5-99.3) 98.8 £1.5 (96.5-99.7) 9%

Pelvic 015+ 0.7 (-0.99-1.38) 96.0 +2.2 (94.2-99.2) 99 + 1.4 (96.3-100) 98.4 +2.4 (98.1-98.6)

Spine and bone 02+1.8(-1.8-2.72) 96.5 £ 1.8 (93.6-97.8) 99.2 £0.9 (97.9-100) 93.2 £ 6.4 (88.6-97.7)

Total 042+ 1 (-1.8-2.72) 96.4 £1.8 (93.3-99.3) 99.1 1.1 (96.3-100) 96.7 + 3.4 (88.6-100)

DOI: 10.12998/wjcc.v10.i22.7728 Copyright ©The Author(s) 2022.

Figure 1 Portal dosimetry: Examples of a cervical cancer patient treated with pelvic lymph nodes region radiotherapy. Portal dosimetry
demonstrated a high pass rate of 98.6% for clinical gamma passing criteria of 2%/2 mm with the predicted dose (left side) and detected dose (right side).

relatively short median follow-up[16,17]. Gupta et al[18] found 13.56% local (with or without distant
metastasis) first recurrence in neoadjuvant chemotherapy followed by concomitant chemoradiation for
cervical cancer. The small cohort of cervical cancer patients in our abdomen group all showed CR,
demonstrating a good start to long-term survival. Most of the patients with PD were in the chest group
(3/4 patients). Three patients (two with small cell lung cancer and one with oesophageal squamous
carcinoma) in the chest group with PD were closely related to the strong biologic invasiveness of these
two tumours and the tendency for distant metastasis[19,20]. This finding serves as a reminder that
radiotherapy, as a topical treatment for cancer patients, is not a replacement for systemic treatment. In
the efficacy evaluation of irradiation response, the patients with cervical cancer achieved the most CR
among the enrolled patients (9/16 patients), with a significant advantage compared with other diseases.
This finding is closely related to China having made great progress in cervical cancer treatment, with a
nearly five percent increase in five-year overall survival compared to that in the United States[21]. Our
institution has conducted in-depth basic and clinical research in the field of radiotherapy for cervical
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cancer and established a model of precise radiotherapy for cervical cancer[22-24].

Bone is one of the most common sites of metastasis, and external beam radiotherapy is an important
treatment modality that plays a key role in controlling lesion progression[25,26]. For the evaluation of
bone tumour response, we did not use the International Union Against Cancer (UICC) or WHO criteria,
which define bone tumour response by plain radiography and skeletal scintigraphy[27,28], or the
RECIST criteria, which regard bone metastases as unmeasurable lesions[15]. In our study, we referred to
a revised set of response criteria for bone metastases proposed by the MDA[29], which presents a
practical approach for the diagnosis and assessment of bone metastasis. For all twelve patients in the
spine and bone group, the target volumes were bone metastases, and three patients had PD because of
distant metastasis. When we evaluated the bone response to radiotherapy, there was fill-in or sclerosis
of lytic lesions, normalization of osteoblastic lesions, no increase in the size of any existing measurable
lesions in the irradiated sites, and other similar imaging findings, regarded as no local lesion
progression following the MDA criteria.

In terms of safety, this study examined outpatient and inpatient records and performed telephone
follow-up. The results showed that acute toxicities were well tolerated in all patients, and no patients
felt discomfort during radiotherapy. Most patients had radiation toxicities related to haematological
reactions, but their symptoms subsided over time. Myelosuppression was closely related to the
irradiation site, and the main reason for the occurrence of myelosuppression in most patients is likely
the administration of concurrent chemotherapy or other therapies, which definitely exacerbate haemato-
logical toxicity[30,31]. Although we made great efforts in the planning design and machine
performance, late toxic reactions are inevitable due to the physics of radiation and the proximity to
OARs[32,33]. Among the patients with irreversible adverse reactions, most patients experienced
xerostomia as a long-term side effect (50%; 2/4 patients), which was closely related to the inevitable
damage to the parotid gland caused by the physical characteristics of the radiation dose reduction and
tumour location during radiotherapy for head and neck tumour patients[34].

To obtain a better radiotherapy effect and achieve uniform coverage while maintaining safe doses to
the target volume, steep dose gradients must be achieved with precise dose delivery. Quality assurance,
especially for dosimetric verification, is required to ensure accurate plan delivery. According to
previous studies, Halcyon has demonstrated great quality assurance results. Pokhrel ef al[35] described
the plan quality, treatment delivery efficacy and accuracy of SBRT treatments using the O-ring Halcyon
Linac via VMAT. Petroccia et al[10] reported that Halcyon could potentially reduce the dose to OARs
while simultaneously increasing the dose delivered to the tumour. We also performed some dosimetric
verification of Halcyon plans, and the results were within the acceptable range, except for two portal
dosimetry (88.6% and 89.7%) results. We redesigned the treatment plan, performed dosimetric
verification again for these two patients, and treated them after the verification results passed the set
low dose threshold. In addition, Halcyon’s ArcCHECK and portal dosimetry demonstrated high gamma
passing rates greater than an average of 95% with criteria of 2% /2 mm and 3% /3 mm. All of the
validated clinical plans were within 3% for point dose measurements. These quality assurance
measurements verified that accurate delivery could be achieved with Halcyon.

Some of the limitations of this study are as follows. First, the incidence of radiation toxicities might
have been underestimated because of the retrospective nature of the study, most of the patients being
outpatients, and the short-term telephone follow-up, which might not illustrate the full picture. Second,
as a retrospective, single-centre study, selection bias might exist. Nonetheless, our sample size was
sufficiently large when compared to analogous studies. Third, unlike previous research on machine
features and parameters, this study was a descriptive study that focused more on Halcyon products in
clinical treatment applications; thus, we did not include controls.

CONCLUSION

In summary, we evaluated the clinical performance of the Halcyon treatment system in a real-world
application setting by analysing patients who received Halcyon Linac throughout the entire
radiotherapy process. The results of this study indicate that the Halcyon platform can generate
treatment plans that meet clinically accepted constraints, can pass routine patient-specific quality
assurance evaluations for delivery accuracy verification, and has acceptable radiation toxicities under
prospective yield.

ARTICLE HIGHLIGHTS

Research background

Radiation therapy is commonly used in cancer management. Halcyon, a novel 6MV-flattening-filter-free
O-ring linear accelerator (6X-FFF ORL), was designed to deliver treatment with greater speed than a
traditional C-arm Linac, demonstrating great advantages.
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Research motivation

The development of linear accelerators has played a key role in cancer management. Halcyon, as a new
accelerator with many breakthrough innovations, is worthy of further exploration for clinical
application. Previous studies have mainly focused on the machine parameters and plan quality of
Halcyon, while relevant research on its clinical application has been lacking.

Research objectives
To evaluate the clinical performance of the O-ring Halcyon treatment system in a real-world application
setting and share our clinical experience with 6X-FFF ORL radiation therapy for cancer management.

Research methods

Patients who were treated with the Halcyon system throughout the entire radiotherapy process were
retrospectively reviewed. We evaluated the Halcyon from three aspects: effects of radiotherapy,
irradiation toxicity and quality assurance. Dosimetric verification of Halcyon plans was performed
using quality assurance procedures such as portal dosimetry, ArcCHECK and point dose measurements
to verify the system delivery accuracy.

Research results

Of the 61 patients in the five groups, no increase in the irradiated target tumour volume was observed
when separately evaluating local response. Regarding irradiation toxicity, thirty-eight percent (23/61
patients) had no radiation toxicity after radiotherapy, 56% (34/61 patients) experienced radiation
toxicity that resolved after treatment, and 6% (4/61 patients) had irreversible adverse reactions. All of
the validated clinical plans were within 3% for point dose measurements, and the average gamma
passing rates with a 2% dose difference and 2-mm distance to agreement for IMRT/VMAT/SRT plans
were ArcCHECK at 96.4% and portal dosimetry at 96.7%, respectively.

Research conclusions

We showed that the Halcyon platform can generate treatment plans that meet clinically accepted
constraints and pass routine patient-specific quality assurance for delivery accuracy verification. For
clinics that choose Halcyon as the treatment delivery option, administering VMAT and IMRT is feasible
and safe.

Research perspectives
Further follow-up is needed to assess late toxicity and long-term outcomes.
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