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Abstract
Purpose: Stereotactic ablative radiation therapy (SABR) delivered in a single fraction (SF) can be considered to have higher uncertainty
given that the error probability is concentrated in a single session. This study aims to report the variation in technology and technique
used and its effect on intrafraction motion based on a 10 years of experience in SF SABR.
Methods and Materials: Records of patients receiving SF SABR delivered at our instruction between 2010 and 2019 were included.
Treatment parameters were extracted from the patient management database by using an in-house script. Treatment time was deﬁned
as the time difference between the ﬁrst image acquisition to the last beam off of a single session. The intrafraction variation was
measured from the 3-dimensional couch displacement measured after the ﬁrst cone beam computed tomography (CBCT) acquired
during a treatment.
Results: The number of SF SABR increased continuously from 2010 to 2019 and were mainly lung treatments. Treatment time was
minimized by using volumetric modulated arc therapy, ﬂattening ﬁlter-free dose rate, and coplanar ﬁeld (24 § 9 min). Treatment time
increased as the number of CBCTs per session increased. The most common scenario involved both 2 and 3 CBCTs per session. On
the average, a CBCT acquisition added 6 minutes to the treatment time. All treatments considered, the average intrafraction variation
was 1.7 § 1.6 mm.
Conclusions: SF SABR usage increased with time in our institution. The intrafraction motion was acceptable and therefore a single
fraction is an efﬁcacious treatment option when considering SABR.
© 2021 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Stereotactic ablative radiation therapy (SABR) is characterized by a large dose per fraction and high biological
effect, a small number of fractions (typically 1-5) and a
specialized planning, delivery and QA.1,2 SABR is more
commonly applied to primary tumors or metastases in
the lung, spine, prostate, liver, and oligometastatic
tumors.3-9
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The safety of SABR relies on the minimization of the
volume of critical organs receiving a high dose. This
necessitates tight geometric margins, enabled by daily
image guidance based on soft-tissue imaging and or
implanted ﬁducial markers. Multifractionation treatment
reduces the overall risk of intrafraction errors due to
patient movement. Furthermore, the safety of SABR with
respect to critical organ doses can be maximized by
increasing the number of fractions. Fractionation exploits
tissue repair between fractions and can also vary the location of maximum doses as critical organs deform relative
to the tumor. Lastly, the risk of dosimetric error due to
interplay between tumors moving with respiration and
multileaf collimator motion in modulated treatments is
maximized in single fraction treatments.10 For all these
reasons, single fraction (SF) SABR may be considered as a
high-risk treatment.
SF SABR is attractive in a resource limited
environment,11,12 and is more convenient for the patient,
in particular with increased number of metastases treated
per patient.3 SF SABR has been demonstrated to be effective and safe, with similar local control rates and toxicities
compared with a multifractionation regime for lung,13-15
oligometastasis to lung and bone,16 spine,17,18 and
kidney.19,20 The dosimetric accuracy of SF SABR however
can be reduced through positional shifts of the tumor
during treatment, and potentially by interplay between
multileaf collimator motion and respiratory/cardiac
motion.10,21,22 Both of these are affected by treatment
time.
In the present work, we evaluate 10 years of SF SABR
treatments to determine treatment planning and delivery
factors that affect treatment delivery time. We look at the
relationship between treatment time and delivery technique including arc or static beams, noncoplanar beams,
modulation, and use of ﬂattening ﬁlter free (FFF) beams.
We further evaluate patient intrafraction motion during SF
SABR, to determine whether prolonged treatment delivery
time is correlated with increased intrafraction motion.

Methods and Materials
All single fraction SABR treatments from 2010 to 2019
treated across 5 campuses in our network were considered
for inclusion. Data was extracted from the Mosaiq SQL
database (Mosaiq, version 2.64, Elekta, CA) by using inhouse script in Python. All treatments were delivered on
either Varian Clinac iX or TrueBeam machine (Varian
Medical Systems, Palo Alto, CA). Noncoplanar treatments
were deﬁned as those with at least one treatment ﬁeld
from a couch angle different from 0 degrees. All SF SABR
treatments were delivered by using a 3 degrees of freedom
couch, with the exception of those in which the ExacTrac
IGRT system (BrainLab AG, Felkirchen, Germany) was
used for image guidance.
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According to our SABR protocol, all patients were
treated in arms up position per default. If the patient is in
pain at simulation session, we will prescribe pain medication for treatment, and in rare instances treat with the
contralateral or both arms down. Furthermore, patients
were routinely given 1 mg of lorazepam unless contraindicated, which is designed to be a mild sedative and may
assist the stability of this position during treatment.
Patients were immobilized using the Elekta BodyFix system (Elekta, Stockholm, Sweden). For tumors subject to
respiratory motion in the lung and upper abdomen, the
vacuum drape was used to limit respiratory motion.23
Motion management for tumors that moved with respiration was in general internal target volume derived from
the respiratory excursion of the tumor from a respiratory
phase binned 4-dimensional CT acquired for treatment
planning. In <10 cases, exhale phase gating was used.
Target locations were classiﬁed into 6 categories based
on keywords found under the site name tag in the database, namely lung (lung), bone (bone), vertebra (vert),
abdominal and pelvic node (node), kidney (kidney), and
soft tissues (soft).
Treatment time was deﬁned as the time difference
between ﬁrst image acquisition (kV or CBCT) to the last
ﬁeld beam-off time. Cases where 2 sites were treated in
the same session were considered as 2 different treatments. Cases where treatment was interrupted during
beam on and continued later due to system malfunction
or patient discomfort were considered as one treatment.
The overall treatment time of the 2 sessions was adjusted
accordingly by removing the setup time. The modulation
factor (MF) was calculated as the total monitor units normalized by the prescription dose in cGy.
The number of cone beam CTs (CBCT) acquired during a session was extracted. When required by a clinical
trial protocol, when treatment time exceeded approximatively 10 minutes, or at clinician discretion, a midtreatment CBCT (MID CBCT) was acquired to correct for
intrafraction positioning variation during the treatment.
MID CBCT was deﬁned as the ﬁrst CBCT acquired with
shifts recorded in the database after some dose had been
delivered to the patient. For some fractions, the shift was
not recorded in the patient management system, and
these were not included in the analysis. According to our
protocol, CBCT acquisition was repeated if the translational shift was >2 mm in any direction for veriﬁcation
purposes. The right beam-on sequence for ﬁeld and
CBCT was not correctly recorded in the Mosaiq database
in some cases due to system failure. In these cases, identiﬁcation of the mid treatment CBCT was performed using
comments in the Mosaiq imaging tab, which is in general
carefully but manually populated. As a result, some MID
CBCTs may have been missed but the number shown in
this study represent a fairly good estimate. In some cases,
a CBCT post treatment was acquired (POST CBCT) for
research or trial purposes. POST CBCT was not included
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in the calculation of treatment time and in the number of
CBCTs per session. Intrafraction positioning variation
was measured from the 3-dimensional couch shift measured after MID CBCT acquisition. Correlations between
the intrafraction correction and either the total treatment
time, or the time to MID CBCT, deﬁned as the time difference between MID CBCT acquisition and the ﬁrst pretreatment image acquisition, were reported.
The ExacTrac IGRT system was used during SF SABR
on one treatment unit for vertebra and bone sites. In these
treatments, a couch correction was applied before each
treatment ﬁeld. These corrections were not recorded in
the Mosaiq database and thus these treatments were
excluded from the determination of the intrafraction correction but not in treatment time evaluation.
A Student t test was performed to establish the statistical signiﬁcance of mean difference and the resulting
P value was reported. Results were reported in terms of
mean § standard deviation to reﬂect skewed distribution.
Correlations were reported by using the Spearman’s rank
correlation coefﬁcient (r) and its associated P value.
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Results
Overview of SF SABR
There were 1072 single fraction SABR treatments
(334 coplanar/738 noncoplanar) between 2010 and 2019
at our institution. The time evolution of the number of SF
SABR treatments is shown in Figure 1a. SF SABR treatments increased through years, from 9 treatments in 2010
to 221 treatments in 2019. FFF dose rate was commissioned in 2014. Lung was the most common treated site
(49% of all SF treatments) as shown in Figure 1b. Other
sites treated with SF SABR involved bone (25%), vertebra
(11%), node (7%), kidney (7%), and soft tissues (1%). Prescription dose from 18 Gy to 28 Gy were used in SF SABR.
The treatment techniques used for SF SABR at our
institution were 58% 3-dimensional conformal radiation
therapy (3DCRT), 20% volumetric modulated arc therapy
(VMAT), 14% dynamic conformal arc therapy (DCAT),
and 8% intensity modulated radiation therapy (IMRT).

Figure 1 (a) Time evolution of the number of single fraction stereotactic ablative radiation therapy treatments. Number of coplanar
(CP) and noncoplanar (NCP) treatments is shown. (b) Number of sites treated in single fraction stereotactic ablative radiation therapy.
(c) Modulation factor (MU/cGy) per site. (d) Number of cone beam computed tomographies acquired during a session per site.
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3DCRT was the most frequent for lung sites (77% of all
techniques), kidney sites (57%), bone sites (52%), and
node sites (34%), and VMAT was the most used in vertebra sites (50%) and in soft tissue sites (47%).
Figure 1c shows the distribution of MF per site. MF
was higher in vertebral treatments compared with all
other sites mostly because 98% of vertebra treatment were
delivered using VMAT or IMRT (MF in vertebra = 4.3 §
1.0 MU/cGy, P value < 10 10 compared with all other
sites). The lowest MF was in lung sites (MF in lung = 1.9
§ 0.4 MU/cGy, P value < 10 3 compared with all other
sites), because 95% of the lung sites were treated without
modulation (3DCRT and DCAT).
There were on average 2.6 CBCT acquisitions in SF
SABR between 2010 and 2019, excluding POST CBCT.
The most common scenario involved both 2 and 3 acquisitions (357 treatments each). Other common scenarios
involved 1 and 4 acquisitions in 168 and 132 treatments,
respectively. In 3 different treatments, 8, 10, and 12
CBCTs were acquired during a single session. No CBCT
was acquired in 6 treatments due to exclusive use of the
ExacTrac system.
The number of CBCTs acquired during a single session
is shown in Figure 1d. The number of CBCT acquisitions
was the largest in kidney site (number of CBCTs = 3.5 §
1.4, P values < 0.01 for all comparisons between other
sites). Midtreatment CBCTs were acquired in 559 treatments, where 36% (202 treatments) had a correction
greater or equal to 2 mm in any direction.

Parameters inﬂuencing treatment time in SF
SABR
Treatment time was reduced through years, from a
maximal treatment time of 52 § 18 min in 2012 to 30 §
12 min in 2019 (P value < 10 11). Small treatment times
(< 20 min) occurred when 2 sites were consecutively
treated during same session. More than one site were
treated during a single treatment session in 62 patients.
Only one case involved 3 sites while all others involved 2
sites. In 70% of these patients, treatment times of subsequent treatments were shorter than the ﬁrst treatment
(median of subsequent treatment time over ﬁrst treatment
time = 0.85, interquartile range = 0.72-1.06). Large treatments time (> 60 min) occurred in 35 treatments, involving either atypical long workﬂow (21 treatments),
treatment interruption due to patient discomfort (10 treatments) or machine break-down (3 treatments), or repositioning after kV imaging (1 treatment), and needing
further veriﬁcation imaging. Percentage of treatments with
duration larger than 60 min decreased from 22% (out of 9
treatments) in 2011 to 2% in 2019 (out of 221 treatments).
Figure 2a shows the treatment time for different treatment parameters. Treatment times were smaller with
coplanar (CP) treatment compared with noncoplanar
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(NCP) treatments (32 § 14 min for CP and 37 § 12 min
for NCP, P value < 10 9). Treatment times were reduced
when using arc therapy (AT) compared with ﬁxed gantry
(FG) technique (31 § 13 min for VMAT and DCAT combined and 38 § 12 min for 3DCRT and IMRT combined,
P value < 10 12). The shortest mean treatment time was
achieved with VMAT (29 § 14 min) followed by DCAT
(34 § 11 min), 3DCRT (37 § 12 min), and IMRT (40 §
13 min). All differences between the treatment times per
technique were statistically signiﬁcant (P values ranged
from 10 15 to 0.02).
Treatment times per technique were dependent on the
use of FFF as shown in Figure 2b. With FFF, the average
treatment time for all techniques was 28 § 11 min compared with 41 § 11 min without FFF (P value < 10 12).
There was a time reduction of 41%, 32%, 32%, 25%, when
using FFF with VMAT, DCAT, IMRT, and 3DCRT,
respectively (all P values < 10 5).
Treatment times per technique were further analyzed
depending on the use of noncoplanar ﬁelds. Results are
shown in Table 1. With FFF and coplanar treatment, the
lowest treatment time was achieved with VMAT (24 §
9 min, n = 145; all P values < 10 2 in the comparison,
except for DCAT treatment as all results for DCAT treatment were not statistically signiﬁcative).
Treatment times per site based on the use of FFF are
shown in Figure 2c. Using FFF reduced treatment time in
all sites except soft tissues for which the difference
between with ﬂattening ﬁlter (WFF) and FFF was not statistically signiﬁcant. Treatment times were reduced by
45% in vertebra, 38% in kidney, 31% in bone, 28% in
lung, and 25% in node (all P values < 10 2 in comparing
WFF with FFF for a given site). Treatment times per site,
per technique, and FFF use are shown in Table 2. By considering only the sites for which more than 20 treatments
had been delivered, the smallest mean treatment time was
achieved in vertebra site by using VMAT, coplanar ﬁeld
and FFF (23 § 7 min, n = 39).
The treatment time and the prescription dose were
very weakly correlated (r = 0.1, P value < 10 5). A very
weak correlation was also found between treatment time
and MF (r = 0.1, P value < 10 4). Furthermore, treatment time increased with the number of CBCTs acquired
during a session (r = 0.5, P value < 10 12) as shown in
Figure 2d. The average time difference in the acquisition
of a new CBCT was 6 min in considering 1 to 5 CBCT per
session (P values < 10 3 for each comparison). Moreover,
a moderate positive correlation between treatment time
and number of CBCTs was observed for all sites (r ranged
from 0.4-0.6 with P values < 10 4 for all correlations)
except in SOFT site where the correlation was not statistically signiﬁcant. Treatment time and number of CBCTs
were correlated in all techniques, the correlation being
positive and moderate in 3DCRT, VMAT, and IMRT
treatments (r ranged from 0.5-0.6 with P values < 10 5
in all correlations) and positive and weak in DCAT
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Figure 2 (a) Comparison of the treatment time (min) between noncoplanar (NCP) and coplanar (CP) treatments and between ﬁxed
gantry (FG) and arc therapy (AT) treatments. Treatment time (min) per (b) technique and (c) site, depending on whether the dose rates
were with ﬂattening ﬁlter (WFF) or ﬂattening ﬁlter free (FFF). (d) Treatment time (min) versus the number of cone beam computed
tomographies (CBCT) acquired during a session.

treatment (r = 0.3, P value < 10 4). The ExacTrac system
was used in 224 treatments. Treatment times were
reduced when using the ExacTrac system for VERT site
(treatment time reduction of 30% and 20% in VMAT and
IMRT respectively by using ExacTrac, P value < 10 2).
However, no difference was observed in the treatment
time for BONE site in 3DCRT treatment when using
ExacTrac (P value = 0.64).

Intrafraction correction in SF SABR
The intrafraction correction across all treatments
was 1.7 § 1.6 mm (95% of all treatments were <4.6
mm) as measured from MID-CBCT. Mean and standard deviations of the intrafraction correction during
treatment for sites and techniques are shown in
Table 3.

Table 1 Treatment time (min) and the number of treatments for the different technique used, depending is FFF dose
rate and noncoplanar ﬁeld have been used
Treatment time (mean § standard deviation) in min (no. of treatments)
FFF
WFF

Coplanar
Noncoplanar
Coplanar
Noncoplanar

3DCRT
33 § 14 (11)
30 § 11 (192)
36 § 10 (34)
41 § 11 (381)

VMAT
24 § 9 (145)
32 § 12 (22)
42 § 14 (42)
54 § 36 (4)

DCAT
24 § 10 (30)
27 § 8 (20)
31 § 6 (3)
38 § 9 (104)

IMRT
31 § 15 (15)
26 § 4 (7)
44 § 12 (54)
46 § 9 (8)

Abbreviations: 3DCRT = 3-dimensional conformal radiotherapy; DCAT = dynamic conformal arc therapy; FFF = ﬂattening ﬁlter free;
IMRT = intensity modulated radiation therapy; WFF = with ﬂattening ﬁlter; VMAT = volumetric modulated arc therapy.
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Table 2 Treatment time (mean § standard deviation) in minutes and number of treatments for all sites, depending if
FFF or WFF was used and if the ﬁelds were coplanar (CP) or noncoplanar (NCP)
Treatment time in min (no. of treatments) using FFF
Lung
Bone
Vert
Node
Kidney
Soft

CP
NCP
CP
NCP
CP
NCP
CP
NCP
CP
NCP
CP
NCP

3DCRT
30 § 17 (3)
29 § 9 (142)
31 § 16 (6)
32 § 13 (30)
32 (1)
44 (1)
35 § 17 (13)
40 § 9 (5)
41 (1)
31 (1)

VMAT
28 § 8 (9)
35 § 19 (6)
24 § 8 (57)
30 § 6 (7)
23 § 7 (39)
41 (1)
21 § 8 (17)
32 § 12 (4)
26 § 12 (17)
29 § 5 (4)
37 § 16 (6)
-

DCAT
26 § 10 (17)
29 § 7 (14)
23 § 11 (8)
28 § 8 (4)
17 § 8 (4)
15 § 3 (2)
36 (1)
-

IMRT
45 (1)
24 § 6 (9)
29 § 3 (2)
27 (1)
52 § 20 (3)
26 (1)
28 § 4 (2)
21 § 1 (2)
32 (1)

Treatment time in min (no. of treatments) using WFF
Lung
Bone
Vert
Node
Kidney
Soft

CP
NCP
CP
NCP
CP
NCP
CP
NCP
CP
NCP
CP
NCP

3DCRT
39 § 13 (13)
41 § 10 (247)
32 § 5 (17)
39 § 10 (84)
32 (1)
35 § 8 (2)
42 § 12 (9)
45 § 6 (2)
47 § 12 (35)
32 § 4 (5)

VMAT
43 § 19 (7)
54 § 36 (4)
44 § 12 (8)
44 § 16 (18)
36 § 4 (3)
36 § 7 (4)
35 § 1 (2)
-

DCAT
31 § 6 (3)
38 § 9 (57)
39 § 10 (32)
37 § 8 (14)
38 (1)

IMRT
47 (1)
49 (1)
53 (1)
44 § 12 (52)
45 § 13 (4)
24 (1)
45 § 3 (2)
-

Abbreviations: 3DCRT = 3-dimensional conformal radiotherapy; DCAT = dynamic conformal arc therapy; FFF = ﬂattening ﬁlter free;
IMRT = intensity modulated radiation therapy; WFF = with ﬂattening ﬁlter; VMAT = volumetric modulated arc therapy.

The correlations between intrafraction correction and
treatment time and between the intrafraction correction
and time to MID CBCT are shown in Table 4 for all sites
and techniques. A positive and very weak correlation
between treatment time and intrafraction correction magnitude was observed (r = 0.1, P value = 0.03, n = 559).
Moreover, no correlation between intrafraction correction
Table 3

magnitude and time to MID CBCT (P value = 0.75,
n = 559) was observed.
For treatments with corrections greater than 2 mm, a
positive and weak correlation was observed between intrafraction variation magnitude and treatment time (r = 0.2,
P value < 10 2, n = 202) and a positive and moderate correlation were observed between intrafraction variation

Intrafraction correction (mm) for sites and techniques measured from MID CBCT
MID CBCT

Site
Lung
Bone
Vert
Node
Kidney
Soft

n
366
74
33
28
44
14

3D vector (mm)
1.9 § 1.6
1.2 § 1.6
0.8 § 1.0
1.3 § 1.0
1.4 § 1.7
2.1 § 2.5

Technique
3DCRT
VMAT
DCAT
IMRT

n
401
67
58
33

3D vector (mm)
1.7 § 1.7
2.0 § 1.9
1.4 § 1.1
0.9 § 1.0

Abbreviations: 3DCRT = 3-dimensional conformal radiotherapy; DCAT = dynamic conformal arc therapy; IMRT = intensity modulated radiation
therapy; MID CBCT = mid-treatment cone-beam computed tomography; VMAT = volumetric modulated arc therapy.
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Table 4 Spearman’s correlation coefﬁcient (r) and its
associated P value between intrafraction variation magnitude and treatment time and between intrafraction variation magnitude and time between the start of the
treatment and the MID CBCT (time to MID CBCT)

Treatments
All
Lung
Bone
Vert
Node
Kidney
Soft
3DCRT
VMAT
DCAT
IMRT

n
559
366
74
33
28
44
14
401
67
58
33

Treatment time

Time to MID CBCT

r
0.1*
0.2*
0.1
0.1
0.1
0.1
0.2
0.1*
0.2
0.2
0.3

r
0.0
0.0
0.1
0.1
0.2
0.0
0.2
0.0
0.1
0.0
0.1

P value
0.03*
< 10 3*
0.35
0.59
0.58
0.56
0.52
0.01*
0.09
0.10
0.12

P value
0.75
0.54
0.34
0.57
0.31
0.93
0.53
0.90
0.37
0.85
0.61

* Signiﬁcant results.
Abbreviations: 3DCRT = 3-dimensional conformal radiotherapy;
DCAT = dynamic conformal arc therapy; IMRT = intensity modulated radiation therapy; MID CBCT = mid-treatment cone-beam
computed tomography; VMAT = volumetric modulated arc therapy.

magnitude and total number of CBCTs (r = 0.5, P value <
10 10, n = 202). This is due to the institutional protocol of
acquiring a second CBCT if the positional shift exceeds
2 mm in any direction.

Discussion
Assuming equivalent safety and efﬁcacy compared,
single fraction SABR provides substantial efﬁciency gains
compared with multifraction SABR regimes. This is particularly important in clinics with limited treatment time
availability, when multiple targets require treatment, and
when minimization of patient visits is beneﬁcial.11,12 In
the present study, we have quantiﬁed the treatment duration for >1050 SF SABR treatments and determined treatment and image guidance factors that contribute to
reduction in treatment time.
Treatment parameters that minimized treatment time
were use of coplanar ﬁelds, arc therapy (VMAT or
DCAT) and FFF dose rate, independently of the site
treated. On average, FFF reduced treatment time by 13
minutes compared with WFF, arc therapy by 7 minutes
compared with ﬁxed gantry, and coplanar ﬁelds by 5
minutes compared with noncoplanar ﬁelds. The prescription dose and the modulation factor were not found to
effect treatment time, which is dominated by imaging
time over beam-on time. The most efﬁcient treatment
was achieved for vertebra sites through use of VMAT,
coplanar arc therapy and FFF beams.
When more than one site were treated in the same session, treatment time of subsequent treatment was shorter
than the ﬁrst treatment time, a 0.85 time reduction in 50%
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of these treatments in our data. This results is encouraging
as more than one metastatic sites treated with SABR during the same session are currently investigated.3
As expected, increasing the number of CBCTs
acquired in a treatment session increases the treatment
session time; each CBCT added on average 6 minutes to
the treatment time. This time interval includes the CBCT
acquisition time, followed by matching and position correction. The use of planar orthogonal matching for bone
and vertebral targets contributed to efﬁcient treatment
delivery compared with CBCT alone. In particular, if use
of CBCTs can be reduced through use of during-treatment x-ray imaging such as ﬂuoroscopy, or real-time
intrafraction imaging, signiﬁcant reductions in treatment
time may be achieved, in addition to treatment geometric
accuracy beneﬁts.24−26 For some patients, however, this
may result in increased instances of target position variation during treatment being detected, which may require
CBCT imaging to correct.
The intrafraction 3D positional shifts were <2 mm on
average as measured from CBCT acquired during treatment for all sites. In the context of a GTV + 5 mm expansion margin (3 mm expansion for vertebra sites), our
results for lung are in agreement with shift reported in the
literature (between 1.3 and 1.7 mm).26,27 Shifts for vertebra also agree with the literature (reported mean values
between 0.5 and 0.7 mm).28,29 Results for kidney are similar with previous results obtained by our group (1-1.3
mm).30 Corrections for positional shifts were not correlated with the time between the beginning of the treatment and the MID CBCT acquisition. However, when the
position shift based on midtreatment CBCT was larger
than 2 mm in any direction, increased treatment time was
positively correlated with increased 3D positional shift.
According to our image guidance protocol, an additional
CBCT is acquired when the positional correction exceeds
2 mm in any one direction (ie, <2 mm correction is
applied when treated without repeating CBCT). Therefore, if a patient has a larger intrafraction variation, they
will have increased imaging, which will in turn result in
increased treatment time.
There are some limitations to the data extraction used
in this investigation. Not all couch shift were recorded in
the database due to system failure or online matching.
Moreover, we were not able to extract midtreatment positional shifts for treatments in which the ExacTrac system
was used.
On a different angle, a major component to treatment
time reduction that cannot be measured with the database
is the increase in efﬁciency and knowledge gained by the
multidisciplinary team with time. In particular, the whole
appointment time includes not only the image guidance
and treatment, but initial patient setup. This depends on
staff experience, immobilization equipment and patient
compliance therefore may vary substantially between centers and patients.
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Finally, SF SABR may beneﬁt from magnetic resonance-guided radiation therapy, especially for lung, kidney, and liver site. This imaging technique provides
superior determination of soft tissues compared with CT
and real-time intrafraction visualization which may facilitate tumor tracking.31,32 Note further that adaptive radiation therapy may be useful in SF SABR to account for
variations in anatomy compared with that at time of treatment. In particular, adaptive radiation therapy may be
useful where adjacent organs at risk are subject to frequent positional variation such as those in the abdomen
or pelvis.31,33

Conclusions
Use of single fraction SABR increased rapidly during
the past decade. The optimal treatment parameters that
minimized the treatment time were FFF dose rates, arc
therapy (VMAT or DCAT), and coplanar arc for all sites.
Furthermore, reducing the number of CBCTs acquired
during a session led to a signiﬁcant reduction in the treatment time. The intrafraction variation measured from the
ﬁrst CBCT acquired during delivery was 1.7 § 1.6 mm.
Therefore, based on these results of set-up error, SF SABR
treatment appears to be an attractive option to consider
as a safe and efﬁcacious treatment regime, in particular,
when resources and patient visit are restricted.
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