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Abstract

Objective To investigate positioning error analysis of the Fraxion localization system in the intracranial stereotactic radio-
therapy of tumors.

Methods 64 patients were divided into two groups: a control group (36 patients with the standard thermoplastic mask) and
a model group (28 patients with the Fraxion localization system). 3D images of the treated position were obtained by cone-
beam computed tomography (CBCT). Positioning errors were obtained by, respectively, registering these two sets of CBCT
images to planning CT images, using a 6°-freedom robotic patient positioning system (HexaPOD Evo RT System). The
changes in positioning errors with the Fraxion localization system and with the standard thermoplastic mask were analyzed.
Results CBCT scan results of the model group showed that the mean of linear error of three directions [superior-inferior (SI),
lateral (LAT), and anterior—posterior (AP)] was 0.710 £0.676 mm, 0.817 +0.687 mm, and 0.710 £+ 0.685 mm, respectively.
The corresponding PTV was 1.23 mm, 1.26 mm, and 1.36 mm. The differences between the 3D images and the planned CT
images were significant (p <0.001).

Conclusion The Fraxion radiotherapy system can not only improve the positioning accuracy and reduce positioning errors

but also narrow the PTV margin and reduce the radiated volume of normal tissue.
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Introduction

Stereotactic radiotherapy (SRT) is a new technique that
can accurately target and cut tumors [1]. It is comprised of
two parts, i.e., the equipment and the software. It has been
proven to be an effective and safe technique to treat brain
metastases [1].

Nevertheless, accurate localization is an important guar-
antee for the accuracy of stereotactic radiotherapy, and no
system is perfect enough to achieve 100% accuracy, even
SRT [2]. In stereotactic radiotherapy treatment, a high dose
of radiation is delivered to a small target volume within the
brain in single or several fractions, normally up to five [3].
It requires high accuracy and precision in patient positioning
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as well as in delivered dose calculation, to locate the tar-
get properly and achieve a high-gradient dose distribution,
reducing the dosage of normal structures [4]. As we all
know, inaccurate localization may cause the target area to
be missed, and the high-dose area may be transferred to a
dangerous organ area, causing serious sequelae and com-
plications [4-6]. Therefore, although the accuracy of SRT
is relatively higher than other techniques, a more accurate
location is required and is crucial for SRT.

The conventional fixation for stereotactic radiosurgery
(SRYS) treatments is invasive because it is fixed to the skull
using fixation screws [7]. Fraxion (Elekta, A.B., Stock-
holm, Sweden) is the commercial name of the reposition-
ing head frame system designed to overcome the drawbacks
of conventional invasive fixation for linac-based SRS and
SRT treatments. This repositioning system is based on the
design of the Elekta Extend™ System for Leksell Gamma
Knife™ (Elekta, A.B., Stockholm, Sweden), which has
been described previously in the literature [8, 9]. The mean
interpatient 3D setup error of linac-based SRT was 0.8 mm,
and the mean 3D positioning displacement of PFX-SRT in
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stereotactic coordinates was 2.0 mm [8]. A radial reposition-
ing error of < 1 mm has been achieved [9].

The purpose of this study is to analyze the positioning
accuracy of the Fraxion system in the clinical application
of brain metastases patients treated by SRT. For this reason,
we compared the localization accuracy of the Fraxion sys-
tem and the standard thermoplastic mask (Klarity, R461ST,
Guangzhou, China) system.

Materials and methods
General information of the patients

64 patients with intracranial malignancies from the Affili-
ated Huaian No. 1 People’s Hospital of Nanjing Medical
University were selected for this study (from January 2017
to December 2018). Among them, 36 glioma patients (24
males and 12 females, 29-78 years old) who were treated
with a thermoplastic mask, were selected as the con-
trol group, in which the conventional fractional dose was
200 cGy, and the frequency of treatment was 30 times per
patient. 28 patients (17 males and 11 females, 33-71 years
old) who were treated with the Fraxion radiotherapy system
were selected as the model group in which the therapeutic
dose was 400-800 cGy, and the frequency of treatment was
4-10 times per patient.

Position fixation method and CT scans

In the current study, a Versa HD linear accelerator (Elekta,
Atlanta, GA, USA), a computer tomography (CT) simula-
tor (PHILIPS Brilliance Big Bore CT), and a Monoca 5.1.1
Treatment planning system (Elekta, Atlanta, GA, USA) were
used.

The Fraxion system basically consists of a patient control
unit (PCU), and a Fraxion frame with a headrest and front
piece. It also includes a unique vacuum mouthpiece and head
vacuum cushion which fits into two holes on the bottom
of the headrest to achieve accurate and comfortable patient
immobilization, which, when combined with partial or full
head thermoplastic masks, ensures patient immobilization
and positioning accuracy. The PCU provides the necessary
vacuum for securing the mouthpiece to the patient’s maxilla,
thus securely immobilizing the patient. In addition, the PCU
is used to form the vacuum cushion. As shown in Fig. 1a, (1)
is a bed adapter that can be rotated forward and backward
(2° degrees of freedom) for accurate localization, (2) is a
dental pad fixation, (3) is a thermoplastic film mask, and
(4) is a vacuum pad. Figure 1b is a frame attached to the
bed adapter.

Patients in the model group were placed in a supine posi-
tion and fixed with a thermoplastic mask and a vacuum pad,
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Fig.1 The primary components of the Fraxion localization system.
a (1) is a bed adapter that can be rotated forward and backward (2°
degrees of freedom) for accurate localization, (2) is a dental pad fixa-
tion, (3) is a thermoplastic film mask, (4) is a vacuum pad; b a frame
attached to the bed adapter

while patients in the control group were placed in a supine
position and fixed with a standard thermoplastic mask. CT
simulation positioning (scanning layer thickness 1 mm) was
performed on both groups of patients. Subsequently, the
scanned CT images were transmitted to the Monoca radio-
therapy planning system and merged with the magnetic reso-
nance images. After sketching the target area and designing
the treatment plans, the CT images of the target area were
transmitted to the X-ray volume image (X VI) system of the
linear accelerator, serving as reference images for registra-
tion with the CBCT images.

Data collection

XVI images were obtained through the kV class CBCT of
the Versa HD linear accelerator. Patients in the model group
were treated with CBCT scans before each treatment for a
total of 169 CBCT scans. Patients in the control group were
treated with CBCT scans every week before treatment for a
total of 169 CBCT scans. After online calibration, the CT
images scanned by CBCT and the reference CT images were
registered with the gray registration method and underwent
a manual fine adjustment to obtain the bony marks and best
overlaps of target tumors in the sagittal, coronal and trans-
verse positions. Once applied, the final images and shifts
were recorded in the MOSAIQ record and verification sys-
tem (Elekta Inc, Atlanta, GA, USA).

Statistical methods

Population random (o) and systematic () errors were calcu-
lated as the mean of the individual random errors and the SD
of the individual systematic errors, respectively. The data in
this paper were expressed as the mean+ SD. All statistical
analyses were performed with SPSS 22.0 statistical software.
Differences between groups were determined using the 7 test
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and considered at a value of p <0.05. For calculating the
planning tumor volume (PTV), Van Herk’s (2.5 £+0.7 o)
margins calculation was selected [10].

Results
Results of the CBCT scans of all patients

All patients, respectively, received a CBCT scan to acquire
two sets of CBCT images, CBCT1 and CBCT?2. The posi-
tioning errors were obtained by, respectively, registering
these two sets of CBCT images to the planning CT images.
As shown in Table 1, the positioning errors of the two groups
in the three directions are in the respective error ranges. And
the range of displacement vector (T = VX? + Y2 + Z2) of
the control group and the model group were 1-6 mm and
0-3 mm, respectively.

Analysis of the CBCT scan registration results
The changes in positioning errors between the control group

and the model group are shown in Table 2. The positioning
errors in the model group in the three directions significantly

decreased compared with the standard thermoplastic mask
group (p <0.001), suggesting that the new Fraxion localiza-
tion system could be fixed better.

Analysis of the PTV margins

As shown in Table 3 and Fig. 2, the systematic errors and
random errors are both reduced significantly compared
with the standard thermoplastic mask group (p <0.001).
Accordingly, the PTV margins also significantly decreased
compared with the standard thermoplastic mask group
(p<0.001).

Discussion

In recent years, the incidence of tumors has been increas-
ing year after year. Radiotherapy is one of the main ways
to treat tumors. However, in the course of radiotherapy,
patients’ positioning might change to some extent, leading
to the missed exposure of the target area or a large amount
of dose deviation to a dangerous area [11-14]. Although
we can use immobilization devices for patient positioning,
such as a thermoplastic mask, errors during radiotherapy

Table 1 Percentage of

o . Error range
positioning errors in the three

Control group (%)

Model group (%)

o (mm) . ;
directions X Y Z Displacement X Y V4 Displace-
vector ment
vector
0 18.9 14.8 13.6 0 33.7 41.4 414 3
1 43.8 38.5 36.7 13.6 51.5 46.7 46.2 50.3
2 20.1 27.8 27.2 27.2 14.2 11.2 12.4 432
3 13.6 12.4 13.0 21.9 0.6 0.6 0 3.6
>4 3.6 6.5 9.5 37.3 0 0 0 0
Table 2 Analysis of pos?tioning X Y 7 Displacement vector
errors in the three directions
Control group 1.391+1.053 1.592+1.136 1.728 +£1.262 3.030+1.378
Model group 0.817+0.687 0.710+£0.685 0.710+0.676 1.473+£0.618
T —-5.609 —8.061 -9.233 —13.283
P *#p <0.001 *#p <0.001 *¥p <0.001 *#p <0.001
Table'3 Analysis of the Control group Model group
planning tumor volume (PTV)
margins (mm) X Y VA X Y V4
z 0.6 0.81 0.58 0.32%%* 0.37%#%* 0.30%%**
c 0.98 0.92 1.26 0.66%** 0.63%** 0.68%**
PTV 2.19 2.67 2.33 1.26%** 1.36%** 1.23%%*

*¥%*p <(0.001, compared with the control group
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Fig.2 Distribution of the planning tumor volume (PTV) margins
(mm) in the three directions. Compared with the control group,
##P <0.001

are inevitable. Thus, monitoring and correcting these errors
is very important. At present, the most effective method
to reduce error is image-guided radiotherapy. For tumor
patients receiving stereotactic radiotherapy, enhancing the
accuracy and repeatability of positioning could effectively
improve the clinical treatment effect and reduce the inci-
dence of adverse events.

Gamma knife radiosurgery is a single-fraction treatment
modality, but the Elekta Extend™ System can expand the
range of indications for gamma knife so that patients can
benefit from multi- or serial multi-session techniques. The
relocatable eXtend frame can provide non-invasive head
fixation while maintaining high accuracy, high dose, and
the steep gradients associated with GKRS. Astreinidou
reported that a rotation error with an average value of at
least 1° would not affect the 95% prescription dose [15].
They reported that random translational deviations of 2 mm
and rotational deviations of 1° did not affect the CTV (pri-
mary) volume receiving 95% of the prescribed dose (V(95)),
regardless of the PTV margin used, and there was an addi-
tional reduction of 1% when rotational deviations were
included. The same effect was observed for the CTV (elec-
tive) ipsilateral side. Therefore, they concluded that margins
to account for random setup uncertainties should be 1.5 mm
and 3.0 mm in the case of sigma=2 mm and sigma=4 mm,
respectively, for the CTV (primary). In this project, the aver-
age of the rotation error of the two fixed methods was less
than 1°, so CBCT was chosen to analyze the positioning
errors of the two localization systems. In the current study,
after registering CBCT images with planning CT images, we
found that the positioning errors of the Fraxion group were
markedly reduced compared with the standard thermoplastic
mask device.

Additionally, we found that the mean values and stand-
ard deviations of the Fraxion group were all significantly
decreased in the three directions. Besides, we found that the
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systematic errors and random errors were notably reduced
in the Fraxion group. Accordingly, the PTV margins had
an expected decrease, which was important for protecting
normal tissue. Meanwhile, the reason why the results of PTV
in our study were slightly increased as compared with the
reports of Majella Russo [16] might be the lack of dental
pads in this the Fraxion fixture device. All these findings
indicate that the application of the Fraxion radiotherapy
system for the fixed position of tumor patients could satisfy
the curative precision and repeatability of the target area of
radiotherapy and guarantee therapy safety.

Conclusion

The Fraxion radiotherapy system is an important clinical
application with very low positioning errors and increas-
ing fractional radiotherapy dose. Thus, it can protect normal
functional tissue of the brain and improve the accuracy of
radiotherapy.
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