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Background

Cancers of the head and neck are relatively rare, with cancers
of the lip, oral cavity, pharynx, and larynx estimated to repre-
sent fewer than 5% of all malignancies diagnosed in Europe
in 2020 [1]. Furthermore, these cancers can demonstrate
vastly divergent prognoses based on the primary site of dis-
ease, stage at diagnosis, and tumor biology [2]. In particular,
there has been a dramatic epidemiologic shift in oropharyn-
geal cancers of the lingual and palatine tonsils with an
ongoing surge in human papillomavirus (HPV) associated
squamous cell cancers and a concomitant decrease in smok-
ing-related cancers of the same pharyngeal surfaces [3].
Many of these cancers, particularly those that are locally
advanced, are treated non-operatively with concomitant
chemotherapy and radiotherapy. While these treatments are
often associated with excellent oncologic outcomes, particu-
larly in the HPV-positive population, the acute and late tox-
icity of head and neck radiotherapy can be notably
severe [4].

Massive technical improvements over the past three to
four decades have allowed for more precise delivery of
therapeutic radiation to this sensitive area of the body.
Intensity-modulated radiotherapy (IMRT) was initially devel-
oped in the 1980s, beginning with a seminal report on
inverse planning from the Karolinska Institute of Stockholm
[5]. Over the course of the following two decades, the tech-
nology grew from a niche area of physics experimentation to
rapid, widespread clinical adoption around the turn of the
millennium [6]. Although IMRT was adopted in many disease
sites without substantial clinical evidence, a phase Il
randomized clinical trial (PARSPORT) confirmed the utility of
the technique for patients with head and neck cancers.
Compared with 3D conformal radiotherapy (3D-CRT), patients
treated with IMRT experienced lower rates of xerostomia,
better saliva recovery following treatment, and improved

quality of life without detriment to oncologic outcomes [7].
Shortly after the start of the new millennium, a form of rota-
tional IMRT known as volumetric modulated arc therapy
(VMAT) became widely available, permitting much faster
treatment times while preserving the dosimetric advantages
of traditional fixed field IMRT [8,9].

Despite these clear clinical improvements, IMRT or VMAT
planning requires substantially more effort and expertise
from physicians, dosimetrists, and physicists, particularly
given the anatomical complexity of the head and neck
region [10]. Furthermore, there is widespread variation in
IMRT or VMAT planning across centers, and there are limited
published data to guide planning development [11-14].
While some knowledge-based or automated planning sys-
tems are in the early stages of development, these are not
widely available yet in clinical practice. Furthermore, these
systems typically aim to optimize the algorithmic, inverse-
planning portions of treatment development but do not aid
in the initial selection of arc number or geometry. In this
study, we hypothesize that our institutional approach to
VMAT planning for head and neck patients can improve dos-
imetry and reduce overall planning time without the need
for costly third-party solutions.

Materials and methods

Ten consecutive patients diagnosed with head and neck can-
cer who received chemoradiotherapy with definitive intent
were included in this single-institution dosimetric planning
study. Patients receiving unilateral neck irradiation were
excluded from the study. To ensure consistency among
patients, all target volumes and organs-at-risk (OARs) were
contoured by a single physician (M. C. Repka). VMAT plans
were generated per institutional (NYU Langone - Long
Island) protocol using 6 MV photon beams. Plans were
designed to deliver 54.12-56 Gy to a standard-risk elective
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volume for all patients, 59.4-63Gy to an intermediate-risk
elective volume in select patients, and 69.96—70Gy to gross
disease, all in 33-35 fractions using a simultaneous inte-
grated boost (SIB) technique.

For patients planned with our institutional planning
protocol, three full arcs were employed with assigned colli-
mator angles of (C) 0°, (C) 90° and (C) 90°. Isocenter place-
ment was performed by the treating physician per standard
institutional practice at the anterior edge of the C2 vertebral
body at the midline in order to encompass the inferior and
superior extent of the treatment volumes. The maximum jaw
extension of the (C) 0° field encompassed the entirety of the
treatment volume. The inferior jaw on the first collimated arc
was set with a maximum extension of 1cm beyond the iso-
center, while the superior jaw of the second collimated arc
was set with a maximum extension of 1cm beyond the iso-
center. Otherwise, jaws were set to encompass the treated
volume. Comparison plans were generated for each patient
using the manufacturer's recommended beam arrangement,
comprising two full collimated arcs - (C) 30° and a reciprocal
(C) 330° - with jaw tracking enabled. For both institutional
and standard plans, a full 360° rotation was used for each
individual arc. Sample beam arrangements for institutional
and ‘industry standard’ plans are shown in the
Supplementary Materials, as are institutional dose constraints.
All plans were generated using Varian Eclipse (Version 15.6,
Varian Medical Systems Inc., Palo Alta, CA) for treatment on a
Varian TrueBeam linear accelerator (Varian Medical Systems
Inc, Palo Alta, CA). Dose calculation was performed using
the Anisotropic Analytical Algorithm (AAA). Initial plan evalu-
ation and DVH analysis were performed using ClearCheck
(Radformation Inc., New York, NY).

Mean differences in target volume and OAR dosimetry
between planning approaches were calculated. Target vol-
umes included high-risk PTV and low-risk PTV while OARs
included brainstem, spinal cord, spinal cord planning organ-
at-risk volume (PRV) comprising a 5mm geometric expansion
on the spinal cord, ipsilateral and contralateral parotid
glands, mandible, pharyngeal constrictors, cricopharyngeus,
ipsilateral and contralateral cochleae, ipsilateral and contra-
lateral brachial plexus, ipsilateral and contralateral optic
nerves, optic chiasm, pituitary, oral cavity, and global max-
imum point dose. Monitor units (MUs) were recorded for all
plans. The Wilcoxon signed-rank test was employed to deter-
mine statistically significant differences in dosimetry between
standard and institutional plans. A p-value < 0.05 was con-
sidered statistically significant for the purposes of this ana-
lysis. Statistical analysis was performed using Excel (Version
16.67, Microsoft Corp. Redmond, WA) and SPSS (Version,
28.0.0.0, IBM Corp., Armonk, NY).

Results

A total of ten consecutive patients were identified and
planned using both standard two-arc (group 1) and institu-
tional (group 2) protocols. All patients had primary mucosal
squamous cell carcinomas which originated from the larynx
[5], oropharynx [4], and nasopharynx [1]. Nine patients were

treated in 35 fractions, while a single patient was treated in
33 fractions. In all patients, a PTV coverage of V100 > 95%
was achieved for both standard- and high-risk target vol-
umes. As intermediate-risk target volumes were not
employed in all patients, these data were not included in the
comparative analysis. The spinal cord V45Gy < 0.03cc was
considered a hard constraint and achieved in all twenty
plans. Additional constraints are available in the
Supplementary Materials. Certain OARS were not contoured
for all cases (temporal lobes, optic nerves, optic chiasm, pitu-
itary, and oral cavity) and consequently, these OARS were
removed from the analysis. Comparative dosimetry for all
patients and plans was available for the spinal cord, spinal
cord PRV, brainstem, ipsilateral and contralateral parotid
glands, mandible, pharyngeal constrictors, cricopharyngeus,
ipsilateral and contralateral cochleae, as well the global max-
imum point dose.

Statistically, significant mean improvements were
observed in ipsilateral parotid mean dose, ipsilateral parotid
V30Gy, contralateral parotid mean dose, contralateral parotid
V30Gy, total parotid volume receiving less than 20 Gy, pha-
ryngeal constrictor mean dose, cricopharygenus mean dose,
ipsilateral cochlea mean dose, contralateral cochlea mean
dose, ipsilateral brachial plexus maximum dose, and global
maximum dose with the three-arc technique. As expected,
significantly more mean MUs were needed for the three-arc
plans (862.0 vs. 470.3, p=0.005). No significant differences in
PTV, spinal cord, mandible, contralateral cochlear, or contra-
lateral brachial plexus dosimetry were identified. Subjectively,
dosimetrists reported shorter planning time and easier
achievement of planning objectives with the three-arc
approach. Detailed dosimetric information is demonstrated
in Table 1. Box-and-whisker plots for planning goals are
demonstrated in Figure 1.

Discussion

The institutional approach to head and neck VMAT planning
detailed in this report conveys significant dosimetric
improvements in multiple OARs compared to a standard
VMAT beam arrangement. The major strength of this study is
the direct comparison of the planning approaches in the
same patients using the same target volumes. Additionally,
this approach is easily reproducible and does not require
additional investment in equipment or software beyond
what is readily available in the majority of radiation oncology
centers in the United States. Consequently, there is essen-
tially no barrier to rapid clinical implementation. While tools
exist that allow dosimetrists to maximize plan optimization,
they require financial investment beyond the standard treat-
ment planning software and do not provide insight into the
optimal arrangement or number of arcs [15].

A significant limitation to this study is the lack of available
data in regard to treatment planning time. IMRT planning for
head and neck cancer is notoriously complex and time-con-
suming [9,16]. Subjectively, dosimetrists report easier
achievement of planning goals in a shorter time and with
fewer iterations than with the institutional approach, but this
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Figure 1. Box-and-whisker plots demonstrating changes in OAR dosimetry with standard (Group 1) and intuitional (Group 2) planning approaches.

observation was not studied in an objective manner. Future
study is needed to quantify the organizational and efficiency
benefits to this planning approach. Furthermore, the institu-
tional approach requires additional time during treatment to
employ an additional arc. Increased treatment time can result
in increased patient discomfort, diminished clinical through-
put, and potentially increase risk for intrafractional move-
ment [17]. Although the relatively rigid set-up of the head
and neck region in conjunction with thermoplastics and
other immobilizing devices generally allows for reliable set-
up, intrafractional movement can occur and may increase
over time [18]. Furthermore, three-arc plans require signifi-
cantly more monitor units to deliver. However, when consid-
ered in the context of patient immobilization and acquisition
of images for image-guided radiotherapy (IGRT), the incre-
mental time increase necessitated by the need for an add-
itional treatment arc is minimal, particularly when weighed
against the dosimetric benefits observed in this study.

A further limitation of the study is the retrospective
nature of the analysis, as well as the inherent limitation in
generating treatment plans with the knowledge that they
will not be utilized in patient care. It is possible that some of
the benefits observed could be secondary to expectancy
bias; planners may have spent less time and effort in gener-
ating the two-arc plans, knowing that they would not be
implemented in the patient’s treatment. Though this bias is
unavoidable in this type of retrospective analysis, it is worth
noting that the three-arc approach is not mandated but con-
tinues to be utilized for the vast majority of patients, sug-
gesting it is not overly onerous from a planning perspective.
Additionally, the study is limited by the use of a single treat-
ment planning system for a single linear accelerator.
Whether these findings would be transferrable to other plan-
ning systems or treatment machines remains unknown.

In summary, this beam arrangement represents a simple,
reproducible, and easily implemented solution to planning



for head and neck cancer patients which may reduce overall
planning time and improve OAR dosimetry. This approach
requires no additional expertise, equipment, or software
beyond what is typically available in most radiation oncology
centers. Additional research is warranted to further optimize
this technique, quantify possible reductions in planning time,
and evaluate this technique with other treatment planning
systems and machines.
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