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Simple Summary: Conventional closed face masks (CFMs) are used in radiotherapy for head and
neck cancer (HNC) and brain cancer (BC) but can cause discomfort and anxiety, affecting the patient
experience. Recently, open-face masks (OFMs) have been introduced as an alternative. This study
reviews and explores the application and use of OFMs in the treatment of HNC and BC, analyzing
19 relevant studies. The analysis shows heterogeneity in the type of OFMs used, especially in BC. In
some cases, they are used alone, while in others, they are combined with complementary devices
such as mouth bites. For both treatment sites, the review shows that OFMs, especially in combination
with surface-guided radiotherapy (SGRT), offer significant advantages in terms of patient comfort
and positioning accuracy. The results suggest that OFMs can achieve sub-millimeter and sub-degree
reproducibility, which supports their clinical integration.

Abstract: Introduction: The main goal of radiotherapy (RT) is to deliver a precise dose to the target
while sparing the surrounding normal tissue and minimizing side effects. Appropriate patient immo-
bilization is crucial, especially for head and neck cancer (HNC) and Brain Cancer (BC). Conventional
closed-face masks (CFMs), while effective in minimizing head motion, can cause significant discom-
fort, anxiety, and claustrophobia. Open-face masks (OFMs) have been developed to increase patient
comfort while providing precise immobilization. Methods: Following the Preferred Reporting Items
for Systematic Review and Meta-Analysis (PRISMA) extension for scoping reviews and the Arskey
and O’Malley framework, an electronic search of EMBASE, PubMed, SCOPUS, and Web of Science
was conducted to identify original studies reporting the use and description of OFMs in clinical
practice up to April 2024. The inclusion criteria were English-language articles focusing on OFMs for
HNC and BC patients undergoing RT. Results: Of 618 titles, 19 articles fulfilled the selection criteria.
Most studies were comparative (n = 13) or observational (n = 6). The articles were categorized by
treatment site, resulting in three groups: BC (n = 14, 68.4%), HNC (1 = 4, 21.4%), and mixed (n = 2,
10.5%), which includes both BC and HNC. Of note, 82.4% (1 = 16) of the included studies were pub-
lished from 2020 onwards, emphasizing the recent adoption of OFM in clinical practice. Conclusions:
The reviewed studies show that OFMs, in combination with SGRT, offer significant advantages in
terms of patient comfort and positioning accuracy in HNC and BC treatments. Reproducibility in the
sub-millimeter and sub-degree range can be achieved, which supports the use of OFMs in clinical
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practice. Future research should explore innovative combinations of immobilization and monitoring
to further improve RT outcomes and ensure precise treatment while increasing patient comfort.

Keywords: brain and head-and-neck cancer; open-face mask; discomfort; interfraction variability;
intrafraction variability

1. Introduction

The main goal of radiation therapy (RT) is to deliver a precise dose to the target
while sparing surrounding normal tissue, thus minimizing side effects. Therefore, the
appropriate immobilization of patients plays a key factor in the RT workflow [1], even if
patients undergoing RT frequently experience significant discomfort when immobilization
techniques are adopted. Particularly, the immobilization system employed in the treatment
of Head and Neck Cancer (HNC) and Brain Cancer (BC) patients can pose challenges,
as the widely accepted standard of care involves the use of a closed-faced thermoplastic
mask (CFMs) [2,3]. This immobilization device, designed to cover the face only for BC
treatments and also the neck and the shoulders for HNC, was developed with the aim of
reducing set-up discrepancies [4,5]. If closed-face masks allow for a reproducible set-up,
ensuring minimal head motion within the device [6-8] and a set-up uncertainty of only
2-3 mm [8,9], on the other hand, they may increase patients’ discomfort, pain, feelings
of claustrophobia, and in some cases, even respiratory distress [1]. It has been widely
reported that immobilization devices can play a pivotal role in triggering anxiety and
affecting the emotional well-being of patients, thus representing one of the most distressing
experiences during cancer treatment [10,11]. Up to 49% of HNC patients report distress and
anxiety during the radiation course, with a major incidence before treatment starts [12]. A
recent study by Nixon et al. recommended that routine screening for mask anxiety should
be integrated throughout the course of RT, with the suggestion of multiple strategies to
develop effective interventions in the management of mask anxiety [11].

Open-face masks (OFMs) are designed to leave certain parts of the face exposed,
typically the forehead, the eyes, and the nose, as opposed to traditional radiotherapy masks
that cover the entire face [5,13]. OFMs can promote patient comfort while ensuring the
accuracy of immobilization and the reproducibility of effective positioning. The paradigm
shift is completed by simultaneously exploiting the effect of optical systems capable of
monitoring the exposed body surface and thus detecting all potential displacements. Hence,
the inherent advantage of using such integrated monitoring systems with current Image-
guided Radiotherapy (IGRT) systems is documented and confirmed for patients diagnosed
with various diseases [5]. Moreover, open-face masks can be reinforced around the forehead
and the chin symphysis to minimize potential longitudinal movement, thus providing
adequate immobilization and ensuring greater comfort for claustrophobic patients [14].

The purpose of the present scoping review is to assess the current state of the art
of open-face masks and to explore their potential use in clinical practice in the setting
of HNC and BC patients through existing literature. Our review might indeed support
their effectiveness in maintaining patient positioning and adherence to set-up without
compromising treatment accuracy.

2. Materials and Methods
2.1. Design and Search Strategy

In accordance with the Preferred Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) extension for scoping reviews [15] and the Arskey and O’Malley
framework [16], an electronic search was conducted to retrieve complete original studies
reporting the use and description of OFMs in clinical practice. Studies were searched in EM-
BASE, PubMed, SCOPUS, and Web of Sciences until April 2024. The specific search strings
for each database, developed and optimized with the support of the University of Florence
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library system, are provided in the “Supplementary Materials” section (Supplementary
Table S1). The inclusion criteria were (a) English-language publications; (b) Studies address-
ing the use and/or the implementation of OFMs as an immobilization device for HNC and
BC patients undergoing RT; (c) Studies performed on human subjects and /or phantoms.
Studies were excluded if one of the domains for the inclusion criteria was not met. Confer-
ence abstracts, conference proceedings, and conference papers were excluded. According
to the classification of types of medical research [17], both primary and secondary research
studies published on the selected databases were included in the search strategy.

This literature search was performed by the Department of Allied Health Professions
of Careggi University Hospital and by the Radiation Oncology Unit of Careggi University
Hospital in collaboration with the Italian Association of Radiation Therapy and Medical
Physics Technologists (AITRO).

A formal risk of bias assessment was deemed inappropriate for this scoping review,
which is consistent with the framework established by Arksey and O’Malley [16].

2.2. Study Selection and Data Extraction

Following the literature search, all references were imported into reference manage-
ment software (Mendeley Reference Manager v2.120.1). The software’s automatic duplicate
detection function was used to identify and remove obvious duplicates. In addition, a
manual screening was performed to ensure that all duplicates were correctly identified.

After the removal of duplicates, two independent reviewers (LL. and N.L) screened
out irrelevant articles due to off-topic content by checking titles and abstracts. Subsequently,
the full texts of eligible articles in question were then obtained and checked by the same
reviewers for possible inclusion in the study. All discrepancies were resolved on a case-
by-case discussion between the independent reviewers with the involvement of a third
reviewer (C.V.).

Data were extracted by two reviewers (A.L., LM.) and entered into an electronic
database developed specifically for this scoping review.

The database made it easy to track, update, and export data for analysis. The final
extracted data was reviewed by the entire research group to find any inconsistencies and
ensure validity.

2.3. Analytic Approach

Following data extraction, the data were synthetized and discussed by the research
team. After summarizing the study results, a standardized data extraction form in Microsoft
Excel (Redmond, Washington) was used to consolidate the studies and to record key details
such as authors, year of publication, type of study, sample size, treatment site, type of
OFMs, aim, main findings and conclusions.

Ethical approval was not required for this study.

3. Results
3.1. Study Inclusion and Characteristics

A total of 19 articles were included in this study.

Figure 1 shows the study selection process in the format of a PRISMA diagram.

All included articles were published between 2013 and 2024. Most of the studies were
comparative (n = 13, 68.4%), whereas the others were observational studies (n = 6, 31.6%).
Almost all studies (n = 18, 94.7%) were conducted on patients, except for one study that
was conducted on anthropomorphic gel phantoms [18]. The sample size ranged from 7 to
269 patients.

The articles were categorized according to the treatment site, which led to the iden-
tification of three groups: BC (n = 14, 68.4%), HNC (n = 4, 21.1%), and mixed sites (1 =2,
10.5%), which included both BC and HNC. This classification is illustrated in the pie chart
reported in Figure 2.
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All articles included in the review were primary research studies (1 = 19, 100%). An
overview of the studies included in this scoping review is shown in Table 1.

Records identified through database

searching
(n=618)

y

Records after duplicates removed

(n=379)

y

Records screened

(n=369)

y

Records assessed for

Records excluded:
(n=10)

Conference abstract, conference

paper and conference
proceedings

eligibility
(n=369)

4

Studies included in review
(n=19)

l

Records excluded, with reasons:

(n=350)
Articles not analysing or
describing open face mask

Studies describing OFM in
HNC treatment
(n=4)

Studies describing OFM in
BC treatment
(n=13)

Studies describing

BC and HNC
(n=2)

Figure 1. Flowchart of study selection.
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Table 1. Summary of main findings from studies on the use of open-face masks in brain and head and neck cancer treatments.
Fl;;t dA;le t:ror Type of the Study Sample Size Treatment Site Aim Type of OFMs Main Findings Conclusions
The OFMs did not reduce the strength The study
15 Evaluate of the mask and provided demonstrated that
. (10 health uantitatively the . immobilization within 2.0 mm with the greater
Liet 311'4(2013) Comparative study volunteers a};d HNC qimmobilizat}ion SF;.OI?tZOFM improved comfort and tolerability. tolerab;glity of the
[14] 5 claustrophobic performance of (Orfit Industrie) The average motion of claustrophobic =~ OFM may allow its
patients) the OFM. patients was similar to that use in a larger
experienced by volunteers. population.
The study
Both intracranial fSRS immobilization Léndertscored ft?}f
Compare two clinical Mayo head mold systems could restrict head motion Fie‘elfir(:rigsessﬁem ien
Li et al. (2015) 33 immobilization with OFM using the within 1.5 mm during treatment as in tracranial};SRS due
) Comparative study (25 PinPoint vs. BC systems (Freedom vs. Freedom monitored by OSI. Freedom system . . .
[19] 8 Freed . . . e e . . . to its superior motion
reedom) PinPoint) for immobilization outperformed the PinPoint system in control. set-u
cranial fSRS. system terms of patient comfort and  SEEUP
clinical workflow. accuracy, patient
comfort, and clinical
workflow.
OFMs effectively limited motion
Open thermoplastic comparably to CEMs across treatment OFMs provided
Wiant et al. Prospective 50 Comparison between head and shoulder up to 35 fractions. The OFMs group comparable
(2016) Com are}::tive stud (25 CFMs vs. HNC the use of OFMs and mask Openview showed reduced mean values of immobilization and
[5] p y 25 OFMs) CFMs for HNC RT. A P i anxiety, claustrophobia, and drug use, ~posture preservation
ssure (Qfix) but none of these distributions were ~ to CFMs for HNC RT.
significantly different.
Comparison between CFMs and OFMs
Determine the set-up Duon closed head patients showed similar set-up
reproducibility and and shoulder mask accuracy, based on translational and OFMs provided
Mulla et al. Prospective 40 level of comfort and (Orfit); rotational shifts, ensuring adequate comparable yet
(2020) Com argtive stud (20 CFMs vs. HNC satisfaction in the 5-point hybrid head = immobilization without compromising comfortable
[1] p y 20 OFMs) patients immobilized and shoulder mask patient comfort. Patients reported immobilization to
with OFMs (Orfit) with higher satisfaction with OFMs due to CFMs for HN RT.
versus CFMs. AccuForm Cushion reduced feelings of tightness and

anxiety compared to CFMs.
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Table 1. Cont.

First Author
and Year

Treatment Site

Aim

Type of OFMs

Main Findings

Conclusions

Swinnen et al.

(2020)
[20]

BC

Demonstrate the
implementation of
the SGRT system for
intrafraction motion
during treatment for
a non-coplanar
VMAT technique.

3 points OFMS
(Orfit Industrie) and
T-shaped
vacuum bag

SGRT system could significantly
improve the set-up accuracy for
treatment involving complex angles
and positions.

The integration of
SGRT systems with
OFMs in a
non-coplanar single
isocenter framework
was feasible and
effective for
high-precision SRS of
brain metastases.

De Ornelas
et al. (2021)
[21]

BC

Evaluate
intra-fraction target
shift during
automated
mono-isocentric
linac-based SRS with
OFMs system and
optical real-time
tracking.

Encompass mask
(double-mask
system) (Qfix)

Intra-fraction motion in SRS treatment
required an additional margin to the
PTV. A1 mm PTV margin was
insufficient in 18% of targets at a
distance greater than 6 cm away from
the isocenter but sufficient for 96% of
targets within 6 cm.

A PTV expansion of
1 mm was
recommended due to
intra-fractional
movement to ensure
target coverage for
planes with isocentric
positioning less than
6 cm away
from targets.

Gregucci et al.

(2021)
[22]

Type of the Study Sample Size
Observational study 7
Observational study 95

Prospective 69

observational study (24 cRT; 45 SRT)

BC

Evaluate
inter-fraction
reproducibility,
intrafraction stability,
technician aspects,
and
patient/physician’s
comfort of OFMs
cranial RT.

Solstice system (dual
shell) with OFM and
Accuform Cushion

The inter-fraction CBCT mean values
were analyzed in all translational and
rotational directions, and it was found
that motion was <1 mm and <1°,
respectively. The analyses of the
intrafraction CBCT showed that the
translational values were <0.05 mm
and the rotational values were <0.5°.

The proposed
immobilization
solution allowed the
use of 1 mm
CTV-PTV margin for
Linac-based SRT.
With OFMs and
SGRT, radiological
imaging could be
omitted for cRT.
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Table 1. Cont.
First Author . . . e e 1s .
and Year Type of the Study Sample Size Treatment Site Aim Type of OFMs Main Findings Conclusions
The SGRT system
had sufficient
. accuracy to quickly
Evaluate the The SGRT set-up difference .
Lee SK et al. Retrospective BC accuracy of SGRTin ~ OFM with CDR head (magnitude) compared to CBCT shifts, se;?;f)li Egl:erl;}ifrr?:d
. cranial patient set-u immobilization was 1. O mm and 0. 4°. The R .
2021 P 269 ial pati p i bilizati 1.0+25 d0.1° + 1.4°. Th
Comparative study HNC . L motion monitoring of
[23] compared to CBCT device SGRT set-up time was much shorter BC and nasopharvnx
shifts. than that of CBCT and 2 DKV set-ups. phaty
cancer patients
immobilized
with OFMs.
Quantify the false The average deviation observed due False corrections in
positional corrections to changing facial expressions was an SGRT svstem due
Bry et al. 10 BC produced by the Orfit’s 3-point OFM; 1.4 £ 0.9 mm for SRS-specific and to di ffereynt facial
rospective stu ealt uman system due to rainlab’s . .6 mm for standard resolution. .
(2022) Prospecti dy healthy h HNC SGRT sy d Brainlab’s SRS 16+1.6 f dard luti expressions should
[24] subjects face motion in a immobilization mask Position corrections in the SGRT pres: .
L 1. be considered during
patient immobilized system could be affected by the treatment plannin
with OFMs. patient’s facial expressions. P &
Discrepancies between the SGRT .
. S combined with the OFM and SGRT was .f§a51ble
Verify the positioning . for position
stereoscopic X-ray set-ups were less e
accuracy of an SGRT . . verification in SRS,
Bry et al. svstem compared to than 1 mm in translation and less than showine accurac
(2022) Comparative study N/A BC Y . pare OFM 0.5 degrees in rotation. Surface § accuracy
X-ray imaging in a . . . and reproducibility
[18] hantom positioned imaging demonstrated high accuracy comparable to
P om b and reproducibility comparable to P
with OFMs. . . o - orthogonal
X-ray imaging for position verification

in SRS treatments.

X-ray imaging.
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Table 1. Cont.

Fl;;t dA;le t:ror Type of the Study Sample Size Treatment Site Aim Type of OFMs Main Findings Conclusions
The combination of optical/thermal
and stereoscopic X-ray technology The EXTD system
Do . achieved sub-millimeter accuracy in ~ provided an accurate
Provide information . - . .
. about the geometric ahgnment w1th CBCT, fierr}onstr'atmg and rehable. method
Da Silva et al. . accuracy of EXTD cranial 4Pi OFM high geometric precision in patient fo.r patient
(2022) Comparative study 14 BC and the application Brainlab set-up. The EXTD system, positioning in RT,
[25] of its workflow in incorporating an OFM with SGRT and  particularly useful in
clinical practice IGRT modalities, allowed for treatments requiring
P ' continuous and real-time patient high precision such
monitoring and positioning with as SRS treatment.
high accuracy.
Investigate the
cori(;SlLrlr;(:z;Cs of In 25 patients, SGRT detected >1 mm SGRT detected
unc?)rrec ted shifts, indicating potential GTV intra-fraction motion
Foster et al. . . . underdosages and increased healthy in frameless SRS
. intrafraction patient Encompass mask . . . ’
(2022) Retrospective study 55 BC motion detected with biteplate (QFix) brain doses 1f'unc0rrected. The leading to
[26] durine frameless treatment technique (cone vs. MLC) underdosages and
linac-glgaase 4 SRS influenced the robustness of the plan increased normal
. e iy against motion. brain doses.
immobilized with an
OFMs
Compare
intrafractional In patients with the
monof‘ using two Patients immobilized with the OFMs vacuum fixation
different . g system, the
. e L system showed a significantly greater . . .
immobilization L . . intrafraction motion
Han et al. . 21 systems (Aktina OFM variation in m.trafractlon moivement n variation was
(2022) Retrospectlve (10 PinPoint vs. BC PinPoint and (Klarity Medical bth trapslatlor.ls. and rc?tatlons than significantly lower
Comparative study . patients immobilized with a vacuum . . .
[27] 11 OFMs) vacuum-suction Products) - . than in patients with
. fixation biteplate. Both the vacuum
customized o the OFMs. The SGRT
. fixation system and the OFMs system .
mouthpiece vs. limited intrafracti tati is recommended to
OFMs) under the imited intrafraction rotations. minimize

guidance of an
SGRT system.

intrafraction motion.
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Table 1. Cont.

Treatment Site

Aim

Type of OFMs

Main Findings

Conclusions

BC

Compare the
intrafraction motion
during the cranial
SRT in patients
immobilized with
OFMs and CFMs.

Encompass mask
(double-mask
system) (Qfix)

No statistically significant difference
was observed between the
intrafraction motion of the two
immobilization devices in
translational and rotational axes,
except in the anterior—posterior
direction (p = 0.02). The margin
compensation for intrafraction motion
was less than 1 mm for both
immobilization devices.

The intrafraction
motion in SRS using
OFMs and CFMs was
approximately equal

considering the
adequate accuracy in
patient positioning.

BC

Compare the
magnitudes of
intrafraction
deviation for four
different
mask systems.

iCAST Head Double
Micro OFMS (IT-V);
Cranial 4Pi OFM
Brainlab;
Brainlab
stereotactic mask

The results showed deviations lower
than 0.6 mm and 0.6° when using one
of the four thermoplastic mask
systems; outliers with a translational
deviation of more than one millimeter
can occur with OFMs systems.

Deviations were
smaller than 0.6 mm
in all translation
directions and
smaller than 0.6° in
all rotation axes
using 4 different
thermoplastic mask
systems with IGRT.

First Author .
and Year Type of the Study Sample Size
Ohira et al. 76
(2022) Comparative study (38 CFMs vs.
[28] OFMs)
Reitz et al.
(2022) Comparative study 40
[13]
Zhou et al.
(2022) Retrospective study 48
[29]

BC

Propose a dedicated
surface-guided SRT
treatment procedure
with OFMs
immobilization and
evaluate the initial
clinical experience to
improve
set-up accuracy.

Open-face double
shell (MacroMedics)

The treatment procedure was
reasonably efficient for routine clinical
use, with minimized initial set-up
errors and a low repositioning rate.
SGRT was a complement to CBCT and
not an alternative that could replace it.

The proposed
surface-guided SRT
procedure with
OFMs
immobilization was a
step forward in
improving patient
comfort and
positioning accuracy
in the same process.
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Table 1. Cont.
First Author . . . e e 1s .
and Year Type of the Study Sample Size Treatment Site Aim Type of OFMs Main Findings Conclusions
Evaluate the
a(;?gaflzzsf}filﬁbﬂ;? The OFMs group achieved superior The OFMs and
Chen et al 40 using SGRT }flor positioning accuracy in SRT, with mouth bite enhanced
) . 15Ig . OFM combined with significantly lower translation and recision and
(2023) Comparative stud (20 CFMs vs BC ositioning guidance 5 Y P
[30] P y 20 OFMs) ’ P in a%iegnts mouth bite (Klarity)  rotation errors compared to the CFMs  stability in brain SRT
immobilliize d with an group, enhancing precision and using SGRT
OFMs and mouth reducing set-up errors. technology.
bite device
Compare the set-up Comparable set-up margins were
accuracy of patients found for OFMs with the SGRT
Rudat et al 44 positioned using system compared to CFMs with laser =~ OFMs may be used
’ . SGRT with patients alignment and mask marks. Given the instead of CFMs to
P &
(2023) Comparative study (13 CFMs vs. HNC " . OFM ) . .
[31] 31 OFMs) positioned using low set-up error when using OFMs, increase
in-room laser SGRT in the HNC was more relevant patients” comfort.
alignment with when higher doses needed to
patient skin marks be administered.
OFMs significantly reduced
discomfort, anxiety, and pain
. (p < 0.0001 for all) compared to CFMs. OFMS were
Compare patient Whi associated with
. . . ile CFMs showed smaller .
discomfort and Five-point OFMS . . o decreased patient
Keane et al. ) e . interfraction longitudinal . .
. immobilization Clear Vision 2 . . discomfort without
(2024) Comparative study 30 BC displacements, roll, and yaw rotations L
[32] performance of (CIvco (v < 0.05), they showed larger lateral compromising
OFMs and CFMs in Radiotherapy) o

cranial radiotherapy

displacements compared to OFMs
combined with an SGRT system.
Intrafraction variability did not differ
between the masks.

patient positioning
and immobilization
accuracy.

AP: Anterior-Posterior; BC: Brain Cancer; CBCT: Cone Beam Computed Tomography; CFMs: Closed Face-Masks; CHR: customized headrest; cRT: Conventional Radiotherapy;
CTV: Clinical Target Volume; EXTD: ExacTrac Dynamic; fSRT: frameless stereotactic radiosurgery; GTV: Gross Tumor Volume; HNC: Head and Neck Cancer; IGRT: Image Guided
Radiotherapy; MLC: Multileaf Collimator; OFMs: Open-Face Masks; OSI: Optical Surface Imaging; PTV: Planning Target Volume; ROI: Region of interest; RT: Radiotherapy; SGRT:
Surface Guided RadioTherapy; SRS: Stereotactic Radiosurgery; SRT: Stereotactic Radiotherapy; VMAT: Volumetric Modulated Arc Therapy; WL: Winston-Lutz test.
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Figure 2. Retrieved articles stratified by treatment sites.

3.2. Use of OFMs in BC Treatment

The adoption of OFMs in the RT setting for BC has been thoroughly investigated
in 13 studies [13,18-29], along with two additional mixed-site studies [30,31]. Almost all
articles were primarily focused on evaluating the precision and safety of OFMs in the
delivery of Stereotactic Radiotherapy (SRT). Only one study focused on the use of OFMs
in fractionated cranial Radiotherapy [28]. In all reported studies, the use of OFMs was
systematically associated with the implementation of Surface-Guided Radiation Therapy
(SGRT), except for the study by Ohira et al., where surface-guided patient set-up was not
performed [29].

Four studies (26.6%) investigated the use of OFMs in combination with other devices
to improve precision [19,24,27,30]. In this context, two studies investigated the use of
OFMs in association with mouth bites to stabilize the head positioning during SRT [24,27].
Foster et al. [24] demonstrated that SGRT could detect intrafraction shifts greater than
1 mm in 50% of patients, which might have caused dosimetric deviations if uncorrected,
thus highlighting the need for continuous monitoring and adaptation. Two other studies
investigated the use of OFMS in combination with the Mayo head mold [19,30], a custom
mold made in the CT simulation room that uses an expanding foam that conforms to the
patient’s head, leaving its face uncovered [32]. Both studies showed that this combination
could limit head motion within 1.5 mm during treatment [30] and provided sufficient
accuracy to quickly set the patient up in the treatment room [19]. In the study by Lee et al.,
once the patient was positioned in the appropriate immobilization device, the head rotation
was first corrected by adjusting the head position. As a result of the initial SGRT set-up,
interfraction shifts measured with kV-Cone Beam Computed Tomography (kV-CBCT) were
minimal, typically within 2 mm and 1° in any rotational axis [30].

Most studies (1 = 12, 80.0%) reported that OFMs alone provided adequate immobilization
with minimal impact on the precise delivery required for BC treatments [13,18,20-23,25,26,28-31].
Notably, these studies highlighted that OFMs achieved sub-millimeter accuracy (<1 mm)
and sub-degree rotational precision (<1°) in intrafraction movements detected by SGRT,
which are critical for the success of SRS protocols [18,20,22,23,25,28].
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Among the identified studies, several (1 = 5, 33.3%) evaluated the inter- and intrafrac-
tion movements of OFMs in a dual-shell or in a dual mask (anterior and posterior head
mask) set-up, with excellent results in terms of stability and precision [13,21,22,26,29].

In line with the findings reported in the setting of HNC, a study by Keane et al. found
that patient-reported comfort levels were higher with OFMs, meaning that patient discom-
fort was reduced without compromising positioning and immobilization accuracy [28].

3.3. Use of OFMs in HNC Treatment

The use of OFMs for the treatment of HNC patients was described in seven articles
(five HNC studies [1,5,14,31,33] and two mixed [30,31]). All studies focused on the accuracy
and safety of positioning using OFMs. In five studies (71.4%), the accuracy of OFMs
set-up was evaluated in combination with SGRT to monitor and correct intrafraction
motion [5,14,30,31,33]. In the study by Li et al. [14], the average three-dimensional (3D)
Vector Length (VL) was 0.8 £ 0.3 mm and 0.4° £ 0.2°, while in the study by Wiant et al. [5]
0.9 £ 0.5 mm and 0.3°, data that overall supported the correct sub-millimeter OFMs
immobilization and stability both in translations and rotations [14]. The study by Bry
et al. focused on the accuracy of positional corrections detected by SGRT in four different
facial expressions (open eyes, closed eyes, fear, and annoyance) within four Regions of
Interest (ROISs) of different sizes on the face, which simulated possible mask openings, and
two different spatial resolutions (standard resolution and SRS resolution) [31]. This study
showed minimal baseline deviation for closed eyes (0.3 & 0.3 mm), while expressions of
fear and annoyance created greater false corrections that increased at standard resolution
and smaller ROIs (2 £+ 1.8 mm).

According to the study by Rudat et al., SGRT opened the possibility of reducing the
number of CBCTs while maintaining sufficient set-up accuracy. The advantage was a
reduction in imaging dose and overall treatment time [33].

Four studies (n = 4, 57.1%) compared inter-fraction motion between OFMs versus
standard CFMs set-up [1,5,14,33]. The studies by Wiant et al., Mulla et al., and Rudat
et al. compared translational and rotational inter-fraction shifts verifying Six Degrees of
Freedom (6DOF) corrections based on the pre-treatment kV-CBCT [1,5,33]. The study by
Rudat et al. verified daily patient set-up translations using an On-Board Imager (OBI) kV
X-ray orthogonal pair imaging [33].

All these studies agreed on using OFMs to ensure immobilization and accuracy be-
cause measured differences were not clinically relevant: maximum observed 1 mm in the
translational axis and <1° in the rotational axis.

In addition, two studies (n = 2, 28.6%) investigated patient comfort by comparing the
OFMs with the standard CFMs set-up using a Likert-scale questionnaire [1,5]. In the study
by Wiant et al. [5], the two groups did not differ significantly from each other, while in the
study by Mulla et al. [1], patients reported higher neck and shoulder comfort and overall
satisfaction when using the OFMs during CT simulation.

4. Discussion

The use of OFMs for HNC and BC was widely discussed in many recently published
articles (82.4% from 2020 to the present, n = 16) with emphasis on the potential benefits
in terms of patient comfort, increased treatment accuracy, and effective monitoring of
intrafraction movement with SGRT technology.

This review comprehensively examined different studies investigating the feasibility, effi-
cacy, and challenges associated with OFMs at different anatomical sites. Of note, one-third of the
included articles (n = 8, 33.3%) compared OFMs with CFMs in BC and HNC [1,5,13,14,27-29,33].
The selected articles were very heterogeneous. Some studies indeed compared different
immobilization devices, while others focused on the use of SGRT technology to monitor
inter- and intrafraction motion. Despite the heterogeneity of the themes addressed, all the
included articles included the topic of set-up accuracy.
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The use of OFMs in RT for BC treatment was extensively evaluated in 13 studies
where two consistent key points were highlighted: the use of OFM devices in SRS and
SRT treatments and the pivotal role of SGRT in addition to OFMs in delivering RT. In this
context, various types of immobilization devices could be adopted; OFMs could be used
indeed either alone [13,18,20-23,25,28-31] or with complementary immobilization devices,
such as a mouthbites [24,27] or with dual shell or dual mask [13,21,22,26,29] (anterior
and posterior) or Accuform Cushion [22], instead of traditional headrest, or again with
Mayo Mold [19,30]. The analysis indicated that various immobilization devices could be
employed for BC treatment.

These systems differed not only in the mask’s opening, with smaller or larger areas
exposed but also in the use of complementary equipment related to patient positioning.
Due to the high heterogeneity of devices used in the included articles, it is challenging
to compare studies regarding interfraction or intrafraction motion. However, the wide
range of available OFMs and complementary devices allows RT departments to choose the
immobilization devices that best meet their needs and those of the patient, emphasizing
increasingly personalized RT and ensuring reproducibility with the use of appropriate
complementary devices.

Opverall, regarding the interfraction shifts in BC, all studies agreed on the stability and
reproducibility of OFMs within 2 mm in every translation axis and 1° in every rotational
axis [22,27,28]. The measurement of intrafraction variability as well was reported in several
articles, and the findings consistently agreed on the reproducibility, highlighting that OFMs
limited head motion to within 1 mm and 1° [13,21,22,25,28,29].

Regarding the utilization of OFMs in HNC treatments, six studies were included and
analyzed. Several studies compared OFMs with CFMs, and their findings, consistent across
the evidence, indicated that OFMs provided similar set-up accuracy and ensured adequate
immobilization comparable to CFMs [1,5,33].

In addition to precision and accuracy, patient comfort is a critical factor in RT. In
this regard, many studies comparing OFMs with CFMs emphasized the importance of
using OFMs in clinical practice to improve patient comfort. In particular, the study by Li
et al. included a survey of healthy volunteers on the comfort they experienced with both
masks [14]. The results showed that 80% preferred the OFMs because the CFMs required
the subjects to keep their eyes and mouth closed during treatment. The study by Wiant et al.
also used a survey method to assess patient comfort and found that the mean scores for
anxiety, claustrophobia, and drug use were lower in the OFMs group [5]. Consistent results
were confirmed in the study by Mulla et al., where patients treated with OFMs reported
feeling less tightness and anxiety and were overall more satisfied and comfortable in the
neck and shoulder area than patients treated with CFMs [1]. Regarding the assessment
of patient comfort in the BC setting, its evaluation was not the primary focus for most
studies, whereas technical and clinical feasibility were further explored [22,29,30]. Patient
comfort was widely investigated only in the study by Keane et al. [28], where the use of
OFM systems was associated with a significant improvement in patient comfort, allowing
a reduction in anxiety and pain without compromising the accuracy of immobilization and
patient set-up.

Since OFMs and CFMs are made of the same material and fabricated in the same way,
no additional training is required for the use of OFMs in clinical practice and the costs
differ only minimally [32].

Another key point across several studies was the integration of the SGRT system with
OFMs in clinical practice for both treatment sites. According to most studies, OFMs enabled
the integration of SGRT for both interfraction displacement detection and intrafraction
motion monitoring [18,20,22,24-27,30,33]. In addition, the use of SGRT improved the set-up
accuracy for non-coplanar treatment, that involved complex positions and angles [20,27].
In the study by Gregucci et al., it is reported that the combination of OFMs and SGRT could
potentially replace conventional radiological imaging, such as IGRT two-dimensional (2D)
or 3D, in evaluating patient positioning in conventional RT for BC [22]. In addition, one of
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the potential benefits of integrating the SGRT system with OFMs is the reduction in patient
set-up time, as reported by Lee et al. [23], where the pure SGRT set-up time, including
patient positioning, was less than 1 min (0.8 £ 0.3 min).

On the other hand, a limitation of SGRT was reported in the study by Bry et al.,
which found that the SGRT system could generate wrong position corrections according to
different patients’ facial expressions [31]. This limitation was particularly evident when
lower ROIs and lower resolution were used on the SGRT system.

4.1. Recommendations for Clinical Practice

Several recommendations for the use of OFMs in clinical practice can be derived from
the comprehensive analysis of the study results. These recommendations are intended to
guide healthcare professionals in optimizing the implementation of OFMs and ensure their
effective integration into clinical workflows:

e  During the simulation phase: customized OFMs are built, and additional stabilizing
devices are used. For patients who require enhanced stabilization, the use of additional
devices such as mouth bites or custom molds like the Mayo head mold can be beneficial.
These systems, when used in combination with OFMs, can further limit head motion
and improve stability and precision;

e  During daily RT: a combination of SGRT and IGRT technologies are used to correct
patient positioning and detect intrafraction motion. After the initial positioning of
the patient by means of immobilization devices, the SGRT system is used to assess
the set-up and minimize interfraction shifts. IGRT is then used to assess and confirm
patient positioning. Once all necessary corrections have been made, the SGRT system
plays a central role in detecting intrafraction movements. Continuous monitoring of
patient positioning is crucial to detect and correct any displacements that occur during
RT. The role of SGRT is essential for the effective use of OFMs in clinical practice, but
despite its use, IGRT remains essential, especially for hypofractionated treatments.
The possibility of reducing the frequency of IGRT was only suggested in the study by
Gregucci et al. for conventional RT in BC treatments [22].

Based on these recommendations, we developed a workflow (Figure 3) for the imple-
mentation of OFMs in clinical practice. This workflow outlines the specific phases in which
SGRT and IGRT play a role in the RT workflow.

Simulation Dailv RT
phase arty
I} A
( I \
?U“{j | Patient Positioning
customize P
OFMs and verification
complementary
device
Patient Intrafraction

Positioning motion
: " detection

Figure 3. A workflow for implementing OFMs in clinical practice based on recommendations from
the included studies.
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4.2. Limitations

Some limitations of the present scoping review and of the included studies must
be outlined. Firstly, all studies were single-institution studies, which means that the
results may not be generalizable due to the unique clinical setting and protocols of each
institution. Also, results related to set-up accuracy may not be widely applicable as they
could be influenced by the specific type of OFMs used in clinical practice and by the clinical
experience and expertise of the treatment team, as referred to in the study by Han et al. [25].
Secondly, many of these studies utilized a retrospective design, which inherently introduces
biases and limitations associated with such methods [33]. Finally, some evidence, such
as the one by Zhou et al. [26], is based on initial clinical experience with new emerging
techniques or technologies, such as OFMs immobilization in combination with the SGRT
system. This early implementation phase may further limit the applicability and robustness
of the results, suggesting that the workflow designed for the implementation of SGRT and
OFMs can be further optimized. Regarding the limitations of the scoping review itself,
only a narrative synthesis method was conducted in reporting the findings, with no clear
method for quantitatively synthetizing the results. Also, another noted limitation is that
only studies published in English were included.

5. Conclusions

The use of OFMs with the integration of SGRT for BC and HNC offers significant
advantages in terms of patient comfort and accuracy. The included studies consistently
demonstrated that sub-millimeter and sub-degree reproducibility of patient positioning
can be achieved with OFMs, particularly when combined with the SGRT system and other
complementary devices. These results support the use of OFMs in clinical practice to
enhance the precision of RT while improving patient comfort when compared to CFMs.
Future research should further explore innovative combinations of immobilization devices
and monitoring technologies to continuously improve RT outcomes.
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