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Background: Frameless stereotactic radiosurgery and fractionated stereotactic radiation therapy (SRS/FSRT) procedures are
increasingly being done. The CIVCO TrUpoint ARCH in combination with helical tomotherapy using an image-guided radiation ther-
apy (IGRT) approach has been used in our department since January 2017. This retrospective serves as an interim performance
report for the use of device in a Philippine community setting where access to frame-based SRS/FSRT is limited.

Materials and Methods: Analysis was done for patients treated from January 1, 2017, to December 31, 2018. Setup shifts
(X-horizontal, Y-vertical, Z-anteroposterior), roll and pitch (rotations about the superior-inferior and mediolateral axes) measure-
ments were obtained after pretreatment megavoltage computed tomography (MVCTs). Planned beam-on time was recorded. The
total 3-D deviation was calculated by adding the total translational corrections in quadrature.

Results: Twenty-five patients (49 stereotactic intracranial procedures) were treated. The mean couch shifts after imaging were
-0.08 mm (+ 2.94), 0.02 mm (£ 1.83), and 4.40 mm (+ 5.15) for the X, Y, and Z axes, respectively. The total 3-D displacement
was found to be 5.68 mm (+ 2.41). The obtained pitch and roll values were -0.1 degrees (+ 0.7) and 0.3 degrees (+ 0.8). Our
rotational displacements were found to be comparable to a previous publication (P = 0.7105 for pitch and P = 0.5637 for roll).
Mean beam-on time was 13.57 minutes (+ 5.67).

Conclusion: The pretreatment displacements were found to be high compared to the submillimeter to approximately 4-mm shifts
in previous reports. A discordance between the lasers of the CT simulator and the treatment machine was found on process
review. Rotational displacements remain < 1 degree and image guidance through MVCT has allowed treatments to continue. The
combination of frameless SRS/FSRT and IGRT is promising in a resource-limited setting.
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Conventionally, fractionated radi-
ation therapy exploits the differen-
tial sensitivity of target tissues and
normal organs. The accumulation of
small daily doses damages rapidly
proliferating tumors more than
organs at risk (OARs). In contrast,
stereotactic radiosurgery (SRS) refers
to the delivery of a single, ablative,
high-dose fraction of radiation, and
fractionated stereotactic radiation
therapy (FSRT) refers to the delivery
of limited fractions of high-dose radi-
ation. In these techniques, small tar-
gets are irradiated employing multi-
ple non-coplanar converging beams.
The radiobiologic principles of this
treatment appear to be distinct from
that of conventional radiation thera-
py- Normal tissue sparing is achieved
through a steep dose fall-off.! This
modality has been used for a variety
of functional, benign, and malignant
intracranial conditions.>®

Nuances in a stereotactic treat-
ment include the high conformal
doses, which can be proximal to
critical structures and long treatment
times, which increase the chances
of intra-fractional motion. This
requires accurate patient positioning
to reduce geometric uncertainties.
Patient immobilization is also key to
reduce motion.* Patients undergoing
intracranial stereotactic radiosurgery
classically have been immobilized
with the use of an invasive frame
bored into the patient’s skull; the first
of these techniques was described by
Leksell in 1950.% Aside from fixation,
these invasive frames are also meant
to localize the lesion within the
cranial vault, at a time when axial
3-dimensional (3-D) imaging was not
in wide use. These invasive devices
have been designed to keep position-
al shifts within < 1 mm. In these con-
ventional systems, a typical workflow
consists of simulation, planning, and
treatment, all compressed in 1 day.

Modern linear accelerator-based
radiosurgical systems are now
equipped with on-board computed
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tomography (CT) scanning capa-
bilities to assist in the localization

of tumors. These have virtually
eliminated the need for invasive
fixation. In this setting, motion

is minimized with the use of an
individualized mask or frame that is
created for the patient prior to treat-
ment.! These personalized devices
are increasingly being utilized in
radiation therapy departments and
are valued for being noninvasive,
time-efficient, and simple. Patients
no longer require a minor procedure
to affix the cumbersome frame, and
departmental resources as well as
manpower are streamlined.® This
may be of importance in a develop-
ing setting where resource scarcity is
magnified and access to frame-based
techniques is limited.

Patients may undergo a planning
procedure during which a device is
tailored to the patient’s specific anato-
my. They may then be discharged im-
mediately after and radiosurgery may
be done on another day, allowing ad-
equate time to plan for optimal beam
arrangements. Frameless immobiliza-
tion devices also allow for the delivery
of multiple high-dose treatment
fractions on an outpatient basis.

Frameless immobilization has pre-
viously been evaluated. In 2015, Lang
and colleagues validated the use of
the trUpoint ARCH fixation system
(CIVCO Medical Solutions) with
stereotactic volumetric modulated
arc therapy on a TrueBeam (Varian)
linear accelerator. Their system
yielded an average 3-D setup error
of 2.1 +2.9 mm. The mean pitch and
roll values were -0.1 + 0.7 degrees
and 0.2 + 0.7 degrees with 98.0% and
98.9% of the pitch and roll values
being < 1.5 degrees. The maximum
intrafractional motion was 2.0 mm in
the longitudinal direction and 95% of
the total shifts were < 1.4 mm.’

In Makati Medical Center (MMC),
treatments were done with the use
of 2 tomotherapy (HD and Hi-ART)
units that have MVCT capabilities.

From January 2017 up to December
2018, a total of 49 SRS procedures on
25 patients have been done. Similar
combinations of immobilization

and treatment were not found on
review. This retrospective analy-

sis was carried out as an interim
evaluation of the performance of the
department. The results of this study
have important implications for a
wider adaptation and acceptance of
similar treatment structures in the
community, where there may be
reluctance to depart from traditional
frame-based systems.

Study Design

The study retrospectively analyzed
all patients who were treated with
SRS or FSRT in MMC from January 1,
2017 to December 31, 2018 after ap-
propriate internal review board (IRB)
evaluation and clearance, with the
goal of carrying out an interim eval-
uation for the treatment technique.
Electronic charts were searched
for details of treatment. Specific
data collected included setup shifts
(X-horizontal, Y-vertical, Z-antero-
posterior),® roll and pitch defined as
rotations about the superior-inferior
and mediolateral axes, respective-
ly,° and treatment time defined as
planned beam-on time. The total 3-D
deviation was obtained by adding
the total translational corrections
in quadrature.’

Planning Technique

The patients were immobilized
using the trUpoint ARCH fixation
system. This system® was made of
multiple customizable components.
These components, mounted on an
arch apparatus, included the head
support, bite tray, thermoplastic
mask, and lower nasion cushion
(Figure 1).° A compatible baseplate
was used for the attachment of the
arch. Each element was customized
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to a patient’s specific anatomy and
recorded at the time of simulation.
A Somatom Perspective (Siemens
Healthineers) was used for CT simu-
lation. One-mm slices were used for
image acquisition and contouring of
targets was done on the Pinnacle3
(Philips), aided by pre-simulation
images (contrast-enhanced MRI or
CT scans) that were fused to the plan-
ning slices. Patients were required
to have an MRI scan at most 2 weeks
prior to the simulation but most had
an MRI at the time of CT simulation.
Patients were discharged after CT
simulation, and treatment planning
was done on an outpatient basis.

Patient Characteristics

Twenty-five patients, spanning
49 stereotactic intracranial proce-
dures, were treated using the CIVCO
trUpoint ARCH. The mean age of the
patients was 42.62 years (19 to 85).
Fourteen (56%) males and 11 (44%)
females were treated. The majority
of patients were treated for arteriove-
nous malformations (AVM) or menin-
giomas (Table 1). Eighteen patients
(72%) received SRS while 7 patients
(28%) received FSRT. Of those who
received multiple fractions, 6 patients
were treated on consecutive days
while 1 was treated on a “split-type”
protocol of 2 high-dose fractions giv-
en to different sections of the treated
volume 7 months apart.

Treatment Technique

Treatment was delivered with
helical image-guided intensity mod-
ulated radiation therapy (IG-IMRT)
with the use of either one of two 6-MV
tomotherapy linear accelerators. Prior
to treatment, patients were set up on
the treatment couch with the same
configuration recorded at the time
of simulation; 1-mm pretreatment
MVCT images were acquired and au-
to-matched to the reference CT images
obtained during simulation. Correc-
tions were made on a 4-degree-of-free-
dom (4-DoF) couch (Figure 2).
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Figure 1. The CIVCO trUpoint
ARCH with a thermoplastic mask,
bite block and nasion cushion
(modeled by staff radiation
therapist with permission).

Table 1. Patient Diagnoses and Frequency

DIAGNOSIS TREATMENT PROCEDURES DOSING (cGY)
Arteriovenous malformations 19 (39%) 1600-2400 single fraction

1100 x 3 fractions
Meningioma 18 (37%) 1200-2000 single fraction

500 x 5 fractions

400 x 5 fractions
Vestibular Schwannoma 6 (12%) 1400 single fraction
Paraganglioma 5 (10%) 440 x 5 fractions
Metastasis 1 (2%) 2000 single fraction

Matched images were verified
by attending physicians (radiation
oncologist/neurosurgeon) based on
bony anatomy, and in some instanc-
es, internal anatomy (eg, structural
displacement, air locules, surgical
clips, ventricular system) when vis-
ible on MVCT. Acquired shifts were
then put on record in the patient’s
chart. No repeat imaging was done
for verification after corrections
were made, and post-treatment
MVCT was not done.

Statistical Analysis

The data was encoded using Micro-
soft Excel and checked for complete-
ness, consistency, and errors. Data

analysis was done through Stata 15.
Descriptive statistics (mean and stan-
dard deviation) were used to evaluate
the collected data while comparison
of the acquired information to pub-
lished data was carried out with the

1 sample z-test. P values < 0.05 were
considered statistically significant.

The mean couch shifts after MVCT
were -0.08 mm (+ 2.94), 0.02 mm (+
1.83), and 4.40 mm (+ 5.15) for the
X, Y, and Z axes, respectively (Table
2). The total 3-D displacement was
found to be 5.68 mm (+ 2.41). The
obtained pitch and roll values were
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Figure 2. A megavoltage S’ (S Eageiacmm T Treat
computed tomography Transverse

(MVCT) image (blue
overlay) is matched to
simulation images.
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Table 2. Mean Shifts and Standard
Deviation in 3 Translational Directions

DIRECTION SHIFTS

X -0.08 £ 2.94 mm
Y 0.02 £1.83 mm
Z 4.40 £5.15 mm

-0.1 degrees (+ 0.7) and 0.3 degrees
(£ 0.8). A comparison of the obtained
values was made with a previous
publication from the University
Hospital Zurich by Lang.® Using

the Z-test for 1 mean, mean pitch
and roll values between the 2 data
sets were not significantly different
(Table 3). Average beam-on time
was 13.57 minutes (+ 5.67). In the
department, treatment time was also
measured from the start of patient
setup to end of treatment. The over-
all mean treatment time was 32.9
minutes (+ 10.3).

Although frame-based radiosur-
gery has been the gold standard of
SRS, its use has been described as a
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traumatic experience for patients.
The procedure to affix the device
involves risks such as bleeding and
those associated with the use of
pre-medication. In addition, it poses
aresource burden due to its re-
quirement of dedicated nursing and
physician personnel. Since treatment
planning and delivery is done on
the same day, advanced planning
techniques like intensity-modulated
radiation therapy may be harder to
implement.! A stereotactic frame
also requires a rigid relationship
between the device and the patient’s
skull and slippage of the former has
been reported, posing a risk to the
fidelity of the treatment and safety
of the patient.!

This study was undertaken as an
interim evaluation of our perfor-
mance using the trUpoint ARCH
fixation system for SRS or FSRT with
helical tomotherapy. The calculated
total 3-D displacement was found
to be large at 5.68 mm (+ 2.41). The
mean shifts in the X, Y, and Z axes
were -0.08 mm (+ 2.94), 0.02 mm
(£ 1.83), and 4.40 mm (+ 5.15). Of

note, no repeat MVCT is done after
correction to confirm the patient’s
position. Data from the University of
Zurich show corresponding values
for interfractional motion in the X, Y,
and Z-axes at -0.13 mm (£ 1.41), 0.04
mm (+ 1.47), and -0.18 mm (+ 1.03)
over 248 samples.®

In Lang’s experience with the
device, they determined that the
average 3-D setup error was 2.1 mm
(£ 2.9) with pitch and roll values of
-0.1 degrees (+ 0.7) and 0.2 degrees (=
0.7), respectively.® A comparison was
done with our acquired values and
no significant difference was found
with mean pitch and roll values of
-0.1+0.7 (P=0.7105) and 0.3 £ 0.8
degrees (P=0.5637).

The mean total treatment time
in Lang’s series was 10.1 minutes
(£ 1.4), although this was defined
as the time from the first imaging
procedure to the end of the second
one post-treatment. In contrast, the
mean beam-on time was 13.57 min-
utes (+ 5.67), while overall treatment
time in this study was 32.9 minutes (+
10.3), which included the time from
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Figure 3. An illustration of couch sag. As the
patient is transferred into the machine for
treatment, there is potential for downward
displacement of the couch due to a weight

Table 3. Pitch and Roll Values from Lang and the Current Study

CURRENT STUDY P VALUE
Pitch -0.1+0.7° -0.1+0.7° 0.7105
Roll 0.2+0.7° 0.3+0.8° 0.5637

when the patient was wheeled into
the bunker to the end of the proce-
dure. The difference in institutional
protocols (namely, the absence of a
post-treatment MVCT) and definition
of treatment time was too dissimilar
and a direct comparison was not
made. In addition, while the tomo-
therapy platform relied on a fan-
beam MVCT and slice-by-slice helical
delivery with a monoenergetic beam,
the TrueBeam linear accelerator
made use of CBCT and stereotactic
volumetric arc therapy.

In general, the positional re-
producibility of frameless systems
should vary by < 1 mm.** The review
of cases revealed that the shifts
obtained within the period were
substantially greater than allowed.
The difference in setup accuracy was
determined to be from a discor-
dance between the lasers of the CT
scan used for treatment planning
and the accelerator system, and
the misalignment of the lasers of
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the accelerator structure itself. To a
lesser extent, the helical nature of
treatment may result in couch sag,
which could have been a potential
contributor (Figure 3).

Despite the considerable transla-
tional errors, treatment proceeded as
planned with image guidance from
pretreatment MVCTs. With the ability
to obtain volumetric image guidance,
uncertainty is reduced to < 1 mm.*
No repeat imaging, however, was
done to verify patient positioning
before treatment was commenced.
On cross-sectional imaging, the fi-
delity of immobilization was evident
on the small rotational errors (Table
3) obtained despite the substantial
translational errors, meaning the
relationship of the patient’s anatomy
to the immobilization system was
highly conserved.

Various methods of patient fra-
meless immobilization have been
described in literature. These reports
are heterogenous and differ in the

imbalance.

kind of system (ie, thermoplastic
mask, modified frame setup), the
accessories used (ie, bite block, jaw
support, robotic couch), and pre-treat-
ment verification processes (ie, x-ray,
CT scan). The displacements in these
studies have ranged from submillime-
ter to approximately 4-mm shifts.

Verbakel, using a BrainLab
thermoplastic mask system together
with a robotic couch, determined
the mean 3-D displacement on X-ray
to be 0.42 mm (+ 0.21) with correc-
tions of 1.2 mm (+ 0.9), 1.4 mm (+
1.3), and -0.5 mm (+ 0.7) in the X, Y,
and Z axes, respectively.!® The same
thermoplastic mask was also evalu-
ated by Minniti, obtaining a total 3-D
displacement of 0.5 mm (+ 0.7) and
individual displacements of 0.5 mm
(£0.35), 0.4 mm (+ 0.6), and 0.2 mm
(£ 0.4), while Theleen found a total
3-D displacement of 1.16 mm (z 0.68)
and mean displacements of 0.78 mm
(£1.01), 0.14 mm (+ 0.37), and 0.18
mm (+ 0.25)." Santvoort modified
this thermoplastic mask system using
a vacuum mouthpiece or a standard
upper jaw support and obtained mean
3-D average vector lengths of 1.7 mm
(£0.7) and 2.1 mm (z 1.2) for each
system, respectively.'®
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Figure 4. Workflow for image-guided frameless stereotactic radiation therapy.

tomotherapy with the
trUpoint ARCH system

Matching is done and setup

Patient is set up on data is checked against a
é\ff})]r?nz d predefined threshold (eg, Trr?;izl;t
P translational error < 1 mm or p

rotational error < 1°)

Post-treatment MVCT is done
to assess for intrafractional
motion
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Setup does not
meet threshold

Tryggestad et al presented their
experience with 4 types of CIVCO
thermoplastic masks and obtained
mean interfractional shifts ranging
from 2.9 mm (% 1.5) to 2.1 mm (+
1.0). Babic et al tested the gold-stan-
dard invasive Cosman-Roberts-Wells
(CRW) frame against the relocatable
Gill-Thomas-Cosman (GTC) frame,
thermoplastic Uniframe, thermoplas-
tic Orfit, and noninvasive PinPoint
frame.? Using a 6-degree-of-freedom
robotic couch top, they obtained
the lowest initial mean 3-D setup
error with the CRW frame (0.67 mm)
followed by the PinPoint system
(2.06 mm and 2.15 mm for SRS and
fractionated stereotactic radiation
therapy). The rest of the systems
yielded shifts approximately double
these values.?

The performance of a thermoplas-
tic mask was also analyzed by Masi.?
Two setups were made: one with a
bite block and the other with none.
The mean 3-D displacements for
each of these systems were 2.9 mm
(+1.3) and 3.2 mm (+ 1.5). Three sys-
tems were evaluated by Baumert: a
relocatable head mask system alone
or in combination with a bite-block
or upper jaw support.”? Mean devia-
tions were calculated 2.2 mm (+1.1),
3.3 mm (+1.8), and 3.7 mm (+2.8) for
the bite-block, upper jaw support, or
plain system, respectively.?

Because of the diverse method-
ologies involved in these different
series, it would be difficult to make
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a direct comparison among them.
These publications, however, put an
emphasis on compensation for the
loss of rigid immobilization with
invasive head frames. In this case,
much importance is given to the
role of accurate image guidance as
this will allow correction for patient
movement or positional errors.

A major weakness identified in
this program was the inaccuracy of
the initial setup, most likely a result
of the discordant laser systems. A
more stringent quality assurance
program would be essential to im-
prove operations. This would entail
documenting and accounting for all
discrepancies (eg, simulation and
treatment lasers, quantifying couch
sag) and minimizing the potential
consequences (eg, confirmation of
corrections made before treatment,
conducting post-treatment imaging).

Lee and Babic describe an ideal
workflow in an image-guided, fra-
meless setup.’® In this retrospective
review, no further verification was
done to check for the accuracy of
the setup after the initial MVCT and
positional corrections. This would
have confirmed that the discordance
between the laser systems of the CT
simulator and tomotherapy units
has been accounted for. In addition,
post-treatment MVCTs were not
done, which could have provided
surrogate data on intrafractional
motion (Figure 4). A limitation of
the department was the inability to

correct with 6 degrees of freedom,
an intervention that helps achieve
submillimeter accuracy. Adjustments
in pitch and roll had to be done
manually, precluding fine correc-
tion, which may introduce further
displacements and lengthening
overall treatment times. Finally,
clinical outcomes have also not been
addressed in this study and would be
a suitable area of investigation. Most
patients in this retrospective analysis
were treated for benign intracranial
conditions. Control rates may be an
area of interest in future follow-up.

This study, however, provides
proof of concept that a program of
frameless SRS/FSRT combined with
IGRT is feasible and allows for suffi-
cient clinician confidence in treating
a variety of intracranial lesions. This
is foreseen to be adaptable in radia-
tion oncology departments in a coun-
try burdened with resource scarcity
and an archipelagic geography,
factors that hinder patient access to
adequate treatment.

In this interim evaluation of
the institution’s 2-year SRS/FSRT
program, the pretreatment displace-
ments were found to be high with a
mean 3-D vector of 5.68 mm (+ 2.41)
in comparison to available papers
that have published submillimeter to
approximately 4-mm shifts. This has
been attributed to a discordance be-
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tween the lasers of the CT simulator
and the treatment units, a discovery
made through this study. At the time
of writing, all data were gathered
prior to correction of this mismatch.
Despite these findings, rotational
displacements remain < 1 degree.
Accurate volumetric image guid-
ance through MVCT has allowed
treatment to continue despite these
limitations. Repeat MVCTs after
positional corrections (to confirm
positioning) and post-treatment (as
a surrogate to detect intrafractional
motion) should be done. This study
shows, however, that a combination
of frameless SRS/FSRT in combina-
tion with IGRT is a promising tech-
nique in a resource-limited setting.
It is a relatively simple setup and is
easily adaptable to other facilities.
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