
Abstract 
Background/Aim: This study compared dosimetric differences in target coverage and organs‑at‑risk (OARs) sparing 
among coplanar (co‑VMAT), non‑coplanar (nonco‑VMAT), and mixed‑arc (mxd‑VMAT) volumetric modulated arc 
therapy (VMAT) for stereotactic radiation treatment of head and face skin cancers (HFSC). 
Patients and Methods: Five patients with HFSC, presenting with tumors located in critical areas near OARs were selected 
to represent distinct clinical scenarios. At least three competing VMAT plans per case (up to five for extensive tumors) 
were generated. The planning target volume (PTV) was obtained by applying a 1 mm isotropic expansion to the clinical 
target volume (CTV), except for portions extending beyond the body contour. Dosimetric parameters, including PTV indices 
[Dmax, D2%, D98%, V95%, conformity index (CI), and homogeneity index (HI)], dose to surrounding healthy tissues, 
beam‑on time (BOT), and monitor units (MU) were evaluated and compared under identical optimization conditions. 
Results: Nonco‑VMAT improved CI, HI, and OAR sparing for the first (left temporal‑zygomatic) and third (nasal 
pyramid) patients. For the second patient (right frontal and zygomatic targets), mxd‑VMAT was optimal for the frontal 
target, while nonco‑VMAT was superior for the zygomatic target. Co‑VMAT provided the highest plan quality for the 
fourth (occipital) patient, though mxd‑VMAT slightly reduced OAR doses. For the fifth patient (scalp and vertex),  
co‑VMAT achieved the best balance between target coverage and OAR sparing. 
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Conclusion: This study highlights the potential benefits of non‑coplanar arcs in HFSC treatment. VMAT arc 
arrangement should be tailored to tumor location, as the inclusion of non‑coplanar arcs can enhance plan quality 
for both target coverage and OAR protection in specific cases. However, non‑coplanar techniques may prolong 
treatment duration due to couch rotations and increased MU, potentially reducing patient tolerability.  
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Introduction 
 

Radiotherapy (RT) for head and face skin cancers (HFSC) 
poses significant challenges due to the proximity of highly 
radiosensitive organs at risk (OARs), such as the brain, 
lenses, and lacrimal glands (1‑4). For instance, in the 
treatment of scalp tumors, the penetration depth of high‑
energy (MeV) photons complicates the effective sparing 
of underlying brain tissue. As a result, low‑energy (kV) 
photons and electron beams are often considered 
preferable alternatives (5, 6). While kV photons have 
become increasingly uncommon due to the progressive 
replacement of roentgen therapy equipment with modern 
linear accelerators (LINACs), LINAC‑based electron beam 
radiotherapy (EBRT) remains a widely used and valid 
therapeutic option for HFSC (7). 

EBRT is characterized by a steeper dose fall‑off 
compared to MeV photons, reducing energy deposition 
beyond the target volume and thereby sparing adjacent 
healthy tissues. Typically, EBRT is delivered using an en face 
field, manually collimated with lead cutouts of various sizes 
and shapes to conform to the tumor geometry. The choice 
of electron energy and prescription isodose is guided 
primarily by tumor thickness (8). However, this approach 
is inherently imprecise, as it does not allow for rigorous 
control of the dose delivered to neighboring OARs (9). 
Furthermore, anatomical irregularities, such as those found 
in large scalp tumors or periorbital and nasal lesions, can 
cause significant dose perturbations within the target, 
leading to hot and cold spots that may increase toxicity or 
compromise local tumor control (10). These limitations 
arise because EBRT is most effective on flat surfaces, which 
are rarely encountered in the head and face region. 

To mitigate these drawbacks, advanced electron dose 
calculation algorithms have been integrated into certain 
treatment planning systems (TPS), leading to the 
development of modulated electron radiotherapy (MERT) 
(11). However, these newer EBRT techniques remain 
largely unavailable, and their implementation is hindered 
by a lack of familiarity among radiation physicists (12). 
Consequently, photon‑based RT, calculated via TPS, is 
often preferred over EBRT. 

Compared to electrons, photon beams exhibit a more 
gradual dose fall‑off in healthy tissues for the same 
prescription dose, thereby increasing the risk of 
radiation‑induced toxicity. One strategy to minimize 
unnecessary OAR exposure is to optimize beam path 
distribution across multiple angles, either within the 
same plane or across different planes. This optimization 
is achievable through volumetric modulated arc therapy 
(VMAT) and non‑isocentric robotic systems, such as 
CyberKnife (13, 14). 

VMAT can be delivered using either coplanar arcs 
(with the treatment couch fixed at 0˚) or non‑coplanar arcs 
(with non‑zero couch angles). The latter configuration has 
been shown to enhance OAR sparing in various tumor 
sites without compromising target coverage (15‑17). 
However, the safe delivery of non‑coplanar arcs requires 
precise setup verification, as even minimal positional 
errors introduced by couch rotation can impact dose 
distribution. Dedicated image‑guidance systems, such as 
ExacTrac, facilitate accurate patient positioning and 
correction of setup deviations (18). 

In this study, we evaluated the dosimetric differences 
in OAR and planning target volume (PTV) coverage among 
coplanar, non‑coplanar, and mixed VMAT plans in five 
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representative HFSC cases, using stereotactic dose 
delivery under ExacTrac guidance. 
 
Patients and Methods 
 
Compliance with ethical standards. This article does not 
involve any studies conducted by the authors on animals. 
All procedures carried out in studies involving human 
participants adhered to the ethical standards set by the 
institutional and/or national research committee, 
following the 1964 Helsinki Declaration and its 
subsequent amendments or equivalent ethical standards. 
Informed consent was obtained from the participants 
included in the study. 
 
Illustrative teaching scenarios. Five cases of skin cancer 
located in critical head and face areas, with tumors closely 
abutting the brain or eyes, were selected to evaluate the 
dosimetric differences between coplanar, non‑coplanar, 
and mixed treatment plans (Figure 1). All patients were 
immobilized in the supine position using thermoplastic 
masks and underwent computed tomography (CT) 
simulation with a slice thickness of 1.25 mm. A 5‑mm thick 
bolus was applied on a case‑by‑case basis. 

Following CT acquisition, images were imported into 
the Eclipse treatment planning system (TPS) (version 
13.7, Varian Medical Systems, Palo Alto, CA, USA). The 
following volumes of interest were contoured: the clinical 
target volume (CTV), encompassing the macroscopic 
disease (gross tumor volume, GTV) and surrounding 
tissues at risk for subclinical tumor infiltration; the 

planning target volume (PTV), obtained by a 1 mm 
isotropic expansion of the CTV (excluding extensions 
beyond the body surface) to account for setup 
uncertainties; and the organs at risk (OARs), including the 
brain, eyes, and lenses. In cases of periorbital tumors, the 
lacrimal glands were also contoured. 

Dose prescriptions were assigned based on tumor 
histology, with lower doses for basal cell carcinoma (BCC) 
and Merkel cell carcinoma (MCC) compared to cutaneous 
squamous cell carcinoma (CSCC). 

 
Treatment planning. For each patient, three VMAT 
techniques were compared: Coplanar VMAT (co‑VMAT) 
using only coplanar arcs; Non‑coplanar VMAT (nonco‑
VMAT) using only non‑coplanar arcs; Mixed VMAT 
(mxd‑VMAT) combining both coplanar and non‑coplanar 
arcs, incorporating the same couch angles as in nonco‑
VMAT while also including arcs at 0˚ couch angle, as in 
co‑VMAT. 

Treatment plans were created for a TrueBeam Novalis 
STx linear accelerator equipped with a high‑definition 
multileaf collimator and 6 MeV flattening filter‑free 
photon beams. Non‑coplanar arcs were planned with five 
couch rotations: 30˚, 60˚, 270˚, 300˚, and 330˚. These 
angles were simultaneously considered in all cases, except 
for the most extended PTVs (>100 cc) on the head surface, 
where the effect of reducing the number of non‑coplanar 
arcs on the dose distribution was also evaluated. 

 
Dosimetric evaluation. The planning objective for the PTV 
was to achieve at least 98% coverage of the target volume 

Figure 1. Tumor sites for the five illustrative cases. Panels A, B, C, D, and E represent the first, second, third, fourth, and fifth scenarios, respectively. 
The red pointer marks the affected areas; however, its dimensions are not to scale with the tumor's size and shape.



with 95% of the prescription dose (D98% >95%), 
following International Commission on Radiation Units 
and Measurements (ICRU) 83 recommendations (19). In 
specific cases, D95% >95% was considered sufficient, 
while for complex target geometries, D90% >90% was 
deemed an acceptable goal. 

The following dosimetric parameters were analyzed: 
1) Target coverage and dose homogeneity: i) D98% (near‑
minimum dose), D2% (near‑maximum dose), and D50% 
(median dose) were used to calculate the homogeneity 
index (HI) using the formula: HI=(D2%−D98%)/D50%, 
where values approaching 0 indicate better homogeneity. 
ii) The Paddick conformity index (CI) was used to assess 
the conformity of the 95% isodose to the PTV (20), with 
values approaching 1 indicating superior conformity. iii) 
The maximum dose (Dmax) was intended to be limited to 
110% of the prescribed dose. 2) OAR dose constraints: i) 
The Dmax and mean dose (Dmean) were recorded for all 
OARs. ii) For the brain, the volumes receiving 70% (V70%) 
and 50% (V50%) of the prescribed dose were reported. 
iii) For cases where significant brain irradiation was 
expected (e.g., scalp tumors), additional avoidance 
structures were delineated to minimize brain dose. 

All dose distributions were analyzed using dose‑volume 
histograms. Intra‑patient comparisons of the VMAT plans 
were conducted using identical optimization parameters for 
each case, as detailed in Supplementary Materials 1 and 2. 

 
Image‐guided radiation therapy (IGRT) and delivery time 
comparison. Given the high doses per fraction, an accurate 
strategy is essential to assess the feasibility of non‑coplanar 
arcs. At our center, setup verification relies on cone‑beam CT 
for bone and soft tissue matching when the treatment couch 
is positioned at 0˚, and on high‑resolution kV images from 
ExacTrac 6.2.3 (Brainlab, Munich, Germany) for precise skull 
bone alignment at non‑zero couch angles. A robotic 
treatment couch with six degrees of freedom allows for the 
correction of both translational and rotational setup errors. 

Additionally, co‑VMAT, nonco‑VMAT, and mxd‑VMAT 
plans were compared in terms of total monitor units 
(MUs) and beam‑on time (BOT). 

Results 
 
First scenario: left temporal‐zygomatic site. An 83‑year‑old 
male with a history of actinic keratosis of the head and face 
underwent excisional biopsy of a lesion in the left 
temporal region. Postoperative pathology revealed G3 
squamous cell carcinoma with positive margins, leading 
to a referral to our radiotherapy department. Co‑VMAT, 
nonco‑VMAT, and mxd‑VMAT plans were subsequently 
generated and compared. 

The prescribed dose was 30 Gy in five fractions, to be 
delivered twice weekly, with each plan normalized to 
ensure 98% target volume coverage. A 5‑mm thick bolus 
was included in all plans to improve target coverage. Dose 
distribution and beam arrangements are shown in Figure 
2, while Supplementary Material 3 provides details on 
couch, collimator, and gantry angles. Dose‑volume 
parameters for the PTV and OARs, as well as MU and BOT 
values, are also reported. 

Overall, the nonco‑VMAT plan demonstrated superior 
dosimetric performance, achieving better conformity index 
(CI) and homogeneity index (HI), along with a lower 
hotspot compared to the other two techniques. Additionally, 
it resulted in improved OAR sparing. No differences in MU 
or BOT were observed among the three modalities. 

 
Second scenario: Right temporal‐zygomatic and frontal 
sites. A 90‑year‑old female was referred to our department 
following multiple recurrences of G3 squamous cell 
carcinomas of the head and face, previously managed with 
surgery. Due to the extent of the latest recurrence in the 
right temporal‑zygomatic and frontal regions, further 
resection was deemed unfeasible, and radiotherapy 
consultation was indicated. Both lesions were planned to 
receive 35 Gy in 5 fractions. 

For each target, three VMAT plans were generated. The 
collimator, gantry, and couch angle configurations used for 
plan generation are detailed in Supplementary Materials 
4 and 5. All VMAT plans were normalized to ensure 98% 
of the PTV received at least 95% of the prescribed dose 
(Figure 3, Figure 4). No bolus was applied. 
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For the frontal target, none of the techniques achieved 
a maximum point dose below 110% of the prescription, 
though the mxd‑VMAT plan was closest to this threshold 
(114%). The nonco‑VMAT plan exhibited the highest 
Dmax (119.3%). Conversely, for the temporal‑zygomatic 
target, both the nonco‑VMAT (107.2%) and mxd‑VMAT 
(108.7%) plans maintained acceptable Dmax values. 

In terms of plan quality, the mxd‑VMAT approach 
yielded a slightly superior HI for both tumor sites while 
maintaining CI comparable to the respective co‑VMAT and 
nonco‑VMAT plans. Regarding OAR sparing, the co‑VMAT 
plan resulted in significantly higher doses to OARs for the 
right temporal‑zygomatic target, whereas differences 
were negligible for the frontal target, except for the brain 
Dmax, which was lower in the mxd‑VMAT plan. Plan sum 
evaluations confirmed no significant reciprocal dosimetric 
influence between targets. BOT was slightly longer with 
the nonco‑VMAT technique for both sites. 

Supplementary Materials 4 and 5 provide a detailed 
comparison of PTV indices, OAR dose parameters, MU, and 
BOT for the frontal and temporal‑zygomatic targets, 
respectively. The OAR dose parameters derived from the 
plan sum analysis are reported at the end of Supplementary 
Material 5. 

 
Third scenario: Nasal pyramid site. An 80‑year‑old patient 
with a history of MCC of the parotid gland, previously treated 
with surgery, chemotherapy, and radiotherapy, was referred 
to our center owing to disease progression at multiple sites. 
Among these, a bulky lesion (6.91×3.20 cm) had developed 
at the root of the nose and was refractory to avelumab. A dose 
of 25 Gy in five daily fractions was prescribed for this target 
and planned using the three VMAT arrangements. Dose 
normalization was set to ensure that the 95% isodose of the 
prescribed dose covered at least 95% of the target volume. 
To optimize target coverage, a 5‑mm‑thick bolus was applied. 
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Figure 2. Dose distribution to the left temporal‐zygomatic target and beam trajectories. Panels A, B, and C (top) show the 95% isodose distribution for 
the co‐VMAT, nonco‐VMAT, and mxd‐VMAT plans, respectively. Panels D, E, and F (bottom) display the corresponding beam arrangements for each plan.



Figure 5 illustrates the 95% dose coverage and arc 
arrangement for each plan, while Supplementary Material 
6 provides details on the couch, collimator, and gantry 
settings. In terms of PTV indices, the nonco‑VMAT plan 
demonstrated significant superiority. This advantage was 
also evident in OAR sparing, without a notable increase in 
BOT (Supplementary Material 6). 
 
Fourth scenario: Occipital site. A 77‑year‑old male with a 
history of actinic keratosis was referred to our 
radiotherapy department following an excisional biopsy 
of a scalp lesion, which revealed G2 squamous cell 
carcinoma infiltrating the dermis and resection margins. 
Consequently, a total dose of 35 Gy in five fractions was 
planned using a 5‑mm bolus and the three competing 

VMAT approaches, which were then compared. Dose 
normalization was set to ensure that 95% of the 
prescribed dose covered 98% of the target volume (Figure 
6). The couch, collimator, and gantry angles are detailed 
in Supplementary Material 7. 

Regarding PTV parameters, the co‑VMAT plan 
outperformed the nonco‑VMAT and mxd‑VMAT plans 
when using five non‑coplanar arcs. The suboptimal results 
observed with five non‑coplanar arcs (nonco‑VMAT 5x), 
even when combined with two coplanar ones (mxd‑VMAT 
7x), prompted an evaluation of alternative arc 
configurations. By reducing the number of non‑coplanar 
arcs, we identified that adding only the two least divergent 
non‑coplanar arcs (30˚ and 330˚) to the coplanar ones 
provided a certain degree of OAR sparing, particularly for 
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Figure 3. Dose distribution to the frontal target and beam trajectories. Panels A, B, and C (top) show the 95% isodose distribution for the co‐VMAT, 
nonco‐VMAT, and mxd‐VMAT plans, respectively. Panels D, E, and F (bottom) display the corresponding beam arrangements for each plan. 



brain Dmean, as well as eye and lens dose parameters, 
without compromising PTV coverage. As a result, the mxd‑
VMAT 4x plan emerged as the most balanced solution. 
However, this plan had the second‑longest BOT. 

 
Fifth scenario: Scalp and vertex targets. An 89‑year‑old 
male in fair general condition was referred to our 
department for an extensive squamous cell carcinoma of 
the scalp. The prescribed dose was 32 Gy in four fractions, 
delivered twice weekly to an extended CTV, followed by 
an 8 Gy boost to a smaller area (GTV). The three 
competing VMAT techniques were tested using a 5‑mm 
bolus for each target. Given the complexity of the extended 
scalp target, dose normalization was set to ensure that 
90% of the prescribed dose covered 95% of the target 

volume (Figure 7 and Figure 8). For the boost plan, 
encompassing only the GTV, normalization ensured that 
95% of the prescribed dose covered 95% of the target 
volume. The couch, collimator, and gantry angles are 
detailed in Supplementary Materials 8 and 9. 

As in the previous case, solutions with fewer non‑
coplanar arcs were explored. The co‑VMAT plan emerged 
as the best approach for both the initial and boost 
treatments. In the extended CTV plan, the only 
configuration that approached the performance of co‑
VMAT was the mxd‑VMAT 4x plan, which reduced brain 
tissue exposure to medium doses (V50%, 260.38 cc vs. 
342.37 cc). However, the mxd‑VMAT 4x plan failed to meet 
all remaining dosimetric objectives, as did the other plans, 
which performed even worse. Similar trends were 
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Figure 4. Dose distribution to the right temporal‐zygomatic target and beam trajectories. Panels A, B, and C (top) show the 95% isodose distribution for 
the co‐VMAT, nonco‐VMAT, and mxd‐VMAT plans, respectively. Panels D, E, and F (bottom) display the corresponding beam arrangements for each plan.



observed in the boost plan. Notably, the co‑VMAT plans 
had the longest BOT among all techniques. 

Supplementary Materials 8 and 9 summarize the 
dosimetric characteristics of the five plans, including PTV 
indices, OAR sparing, MU, and BOT for both the extended 
scalp target and the boost plan. The OAR dose parameters 
from the plan sums are provided at the end of 
Supplementary Material 9. 
 
Discussion 
 
To our knowledge, this is the first study specifically 
dedicated to assessing the usefulness of non‑coplanar 
VMAT in treating cutaneous malignancies of the head and 
face. Existing reports on such arc arrangements primarily 
concern mucosal head and neck cancers, which, being 
located deeper, are more suitable for high‑energy photon‑
based RT (16). Historically, kilovoltage roentgen therapy 

and electron beam RT have been preferred over 
megavoltage (MeV) photon‑based RT due to their superior 
percentage depth dose curves, which spare underlying 
healthy tissues while achieving increased superficial dose 
deposition (21). However, as discussed earlier, both 
techniques have significant limitations (6). While MeV 
photon‑based RT offers more precise dose distribution and 
greater adaptability for treating targets with curved shapes 
or variable thickness, it also results in higher OAR exposure 
to radiation (22). Increasing photon beam paths could 
improve both target coverage and OAR sparing. To test this 
hypothesis, we simulated VMAT plans with and without 
non‑coplanar arcs in five distinct clinical scenarios. 

Curative RT doses can be delivered through 
conventional fractionation (1.8‑2 Gy/day) or ultra‑
hypofractionated schedules (≥5 Gy/fraction) (8). Skin 
cancers are more prevalent in elderly patients, whose 
comorbidities may limit compliance with long‑course RT 
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Figure 5. Dose distribution to the nasal pyramid target and beam trajectories. Panels A, B, and C (top) show the 95% isodose distribution for the co‐
VMAT, nonco‐VMAT, and mxd‐VMAT plans, respectively. Panels D, E, and F (bottom) display the corresponding beam arrangements for each plan.



(23). Hypofractionation offers the advantage of reducing 
daily clinic visits while improving local control, as 
supported by recent evidence favoring dose escalation 
with stereotactic RT protocols (24). However, high‑dose 
fractions also increase the risk of radiation‑induced 
toxicity in peri‑target OARs. This is particularly concerning 
when treating facial and scalp lesions, where OAR 
exposure must be carefully evaluated (25). The brain, in 

particular, is highly radiosensitive, especially in elderly 
patients, where radiation‑induced cognitive impairment 
may be mistaken for age‑related decline. Thus, its 
exposure should be minimized, as no radiation dose is 
entirely without risk (1). Conversely, the eyes, lenses, and 
lacrimal glands are generally well spared in stereotactic 
RT for HFSCs, even when located near the orbit (26). Given 
the high propensity for recurrence of these tumors and 
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Figure 6. Dose distribution to the occipital target and beam trajectories. Panels A, B, C, D, and E (top) show the 95% isodose distribution for the co‐
VMAT, nonco‐VMAT 2x, nonco‐VMAT 5x, mxd‐VMAT 4x, and mxd‐VMAT 7x plans, respectively. Panels F, G, H, I, and J (bottom) display the corresponding 
beam arrangements for each plan.

Figure 7. Dose distribution to the extended scalp target and beam trajectories. Panels A, B, C, D, and E (top) show the 95% isodose distribution for the 
co‐VMAT, nonco‐VMAT 2x, nonco‐VMAT 5x, mxd‐VMAT 4x, and mxd‐VMAT 7x plans, respectively. Panels F, G, H, I, and J (bottom) display the 
corresponding beam arrangements for each plan.



the potential need for re‑irradiation, OAR dose constraints 
should adhere to the ALARA (As Low As Reasonably 
Achievable) principle to minimize cumulative toxicity 
(27). These considerations underscore the importance of 
advanced RT techniques that enhance target coverage 
while minimizing OAR exposure. 

Our study demonstrated that non‑coplanar VMAT arcs 
offer advantages in certain anatomical sites. In Case 1, the 
nonco‑VMAT plan provided the best balance between dose 
homogeneity, conformity, and OAR sparing due to the 
tangential photon beam entrance to the temporal target, 
particularly when the couch angle was 270˚. This 
configuration maximized the tangential effect, further 
enhanced by a bolus compensating for the build‑up region 
underdosing. Consequently, dose deposition beyond the 
inner layer of the skin target was reduced, improving 
conformity index (CI) and sparing underlying tissues 
compared to co‑VMAT and mxd‑VMAT plans. Rotational 
RT techniques inherently mitigate the skin‑sparing build‑
up effect of high‑energy photons by gradually making the 
radiation beam oblique to the skin surface (28). 
Accordingly, Cases 1 and 2, which had mirrored temporal‑
zygomatic targets (left in Case 1, right in Case 2), achieved 

optimal dosimetric results with non‑coplanar arcs alone, 
even in the absence of bolus in Case 2. In contrast, for the 
frontal target in Case 2, the best‑performing plan was the 
mxd‑VMAT approach. 

In Case 3, involving a bulky nasal root tumor partially 
obstructing vision, the nonco‑VMAT plan significantly 
reduced dose exposure to all OARs, particularly the brain 
and lenses, while maintaining adequate target coverage 
and homogeneity. 

In Case 4, the occipital target benefited most from the 
mxd‑VMAT 4x plan, which achieved comparable PTV 
dosimetric parameters while slightly improving brain 
sparing compared to nonco‑VMAT and co‑VMAT plans. 

Lastly, for the scalp target in Case 5, the co‑VMAT plan 
outperformed all others for both the large CTV and 
smaller GTV boost. The concave shape of the scalp target 
encompassed a substantial portion of the brain, leading to 
a significantly higher mean brain dose than in the other 
cases. The mxd‑VMAT approach further increased this 
dose due to oblique beam exits traversing the brain caudal 
to the scalp target's inferior border. However, adding two 
minimally angled non‑coplanar arcs (30˚ and 330˚) to 
coplanar ones helped reduce medium‑dose brain 
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Figure 8. Dose distribution to the vertex target and beam trajectories. Panels A, B, C, D, and E (top) show the 95% isodose distribution for the co‐
VMAT, nonco‐VMAT 2x, nonco‐VMAT 5x, mxd‐VMAT 4x, and mxd‐VMAT 7x plans, respectively. Panels F, G, H, I, and J (bottom) display the corresponding 
beam arrangements for each plan.



exposure (V50%) by increasing beam path dispersion. 
Notably, our TPS was unable to generate a satisfactory and 
deliverable nonco‑VMAT plan for this case, making it the 
least favorable option. 

By analyzing these five clinical scenarios, this study 
highlights the potential benefits of non‑coplanar VMAT 
in HFSC treatment, identifying tumor sites where it is 
advantageous and where it may be counterproductive. 
However, safe implementation requires specific 
considerations. First, the critical anatomical location of 
HFSC necessitates meticulous setup verification to 
prevent both target miss and unintended OAR 
overexposure. We routinely employ the ExacTrac system, 
which reliably fulfils this task (29). Facilities lacking 
similar verification systems should be cautious in 
adopting non‑coplanar arcs due to concerns about 
intrafraction motion during couch rotation. Second, the 
arc arrangements tested here do not necessarily 
represent the optimal configurations. Advanced path‑
finding algorithms could refine beam arrangements (30), 
but their discussion lies beyond this article's scope. 
Furthermore, the presence of surgical meshes, 
particularly titanium ones used for scalp cranioplasty, 
can cause dose perturbations such as backscattering to 
the skin flap (31). Finally, nonco‑VMAT treatments 
generally require longer delivery times due to couch 
rotations and potentially increased MU requirements for 
adequate target coverage, which may affect patient 
compliance and comfort. 

Given the variability in HFSC size, shape, and proximity 
to critical structures, no universal arc configuration can be 
recommended. Each case demands individualized beam 
arrangement optimization. This study offers insight into 
the potential dosimetric advantages of different VMAT 
strategies, encouraging practitioners to explore alternative 
solutions while carefully considering collision risks 
between the gantry and couch. The couch angles tested 
here were adapted from our standard intracranial 
stereotactic RT template (32), chosen for their uniform 30˚ 
spacing, which optimizes beam trajectory expansion 
without excessively prolonging treatment time. 

Conclusion 
 
This study is the first to demonstrate the potential 
advantages of incorporating non‑coplanar arcs in the 
treatment of head and face skin cancers using commonly 
available LINACs and TPS platforms. While these five 
cases do not encompass all possible HFSC presentations, 
they offer practical guidance for treatment planning and 
challenge dosimetrists to refine VMAT strategies for 
improved therapeutic outcomes. Our findings underscore 
the need to individualize VMAT arc arrangements based 
on tumor location, as the addition of non‑coplanar arcs 
may improve plan quality by enhancing target coverage 
and sparing organs at risk in selected cases. However, 
their implementation requires meticulous verification to 
avoid both missing the target and delivering excessive 
radiation doses to OARs. Moreover, the increased 
treatment duration associated with couch rotations and 
potentially higher monitor unit requirements may affect 
patient compliance and comfort compared to fully 
coplanar approaches. Further studies are warranted to 
validate these findings and refine arc selection strategies 
for clinical practice. 
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