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Objective: To ascertain the progress being made towards
the implementation of stereotactic ablative body radio-
therapy (SABR) treatment in the UK, to obtain details of
current practice in centres with an active treatment
programme and to assess the projected future provision.
Methods: In August 2012, an online questionnaire was
sent to all 65 UK radiotherapy institutions. The included
questions covered the current number of patients being
treated and the intended number of patients for each
clinical site; immobilization and motion management
methods; CT scanning protocols; target and organ-at-
risk delineation; treatment planning; image-guidance and
treatment protocols; and quality assurance methods.

Stereotactic ablative body radiotherapy (SABR) uses hypo-
fractionated dose schedules (three to eight fractions) and
high-precision treatment delivery to improve local control of
disease. The radiobiological rationale for hypofractionation,
that delivery of a few large fractions over a short overall
treatment time will achieve a greater therapeutic ratio than
delivery of standard treatment regimes of 20 or more frac-
tions, is indicated in numerous studies for a range of clinical
indications."” This evidence is most robust in patients with
non-small-cell lung cancer (NSCLC), where a recent sys-
tematic review found 2-year survival and local control rates
after SABR of 70% and 91%, respectively.” Despite the lack of
randomized trial evidence, SABR is now a recognized stan-
dard of care for inoperable patients with early-stage pe-
ripheral lung tumours,” while a recent systematic review of
the use of SABR for treatment of central lung tumours
found local control rates >85% for biologically equivalent
tumour doses >100 Gy, with low rates of treatment-
related toxicity.” These promising outcomes have led to
suggestions that SABR could be an acceptable alternative
to surgery in operable patients with NSCLC, potentially
enabling a balance to be struck between the risk of

Results: 48/65 (74%) institutions responded by the end
of November 2012, with 15 indicating an active SABR
programme. A further four centres indicated that a
SABR protocol had been established but was not yet in
clinical use. 14 of the 29 remaining responses stated an
intention to develop a SABR programme in the next
2 years.

Conclusion: The survey responses confirm that SABR
provision in the UK is increasing and that this should be
expected to continue in the next 2 years. A projection of
the future uptake would suggest that by the end of 2014,
UK SABR provision will be broadly in line with interna-
tional practice.

morbidity and mortality of lobectomy, with the in-
creased risk of locoregional recurrence from SABR.®™

However, there are significant risks associated with in-
troducing SABR in a clinic owing to the high-dose fractions,
the non-standard method of dose prescription and the com-
plex nature of both planning and delivery.”'® Post-SABR ra-
diological changes might differ with the delivery technique
used."" In particular, volumetric modulated arc therapy
(VMAT) compared with intensity-modulated radiotherapy
(IMRT) offers improvement in delivery efficiency owing to
a reduction in delivery time, as well as a reduction in monitor
unit (MU) usage, which results in a subsequent reduction of
integral radiation dose to the rest of the body.'” Although
initial reports on SABR (then termed stereotactic body ra-
diotherapy) for thoracic tumours originated from the Kar-
olinska Institute, Stockholm, Sweden, in the mid-1990s,"” the
first treatments in the UK started as recently as 2009.

The UK SABR Consortium was established in early 2008
with the aim of achieving a consensus on how best to
develop, implement and research SABR in the UK. An



http://dx.doi.org/10.1259/bjr.20130681
mailto:gail.distefano@nhs.net

BJR

initial version of the UK SABR Consortium guidelines,14 which
were intended to standardize UK implementation and ensure safe
delivery of SABR to early-stage lesions in the peripheral lung, were
written to be consistent with, or drawn from, the RTOG 0236
and ROSEL trial'® protocols. Updating this guidance is part of the
ongoing work of the consortium, and the most recent version is
available online (http://actionradiotherapy.org/). Subsequently,
the 2011 National Radiotherapy Implementation Group (NRIG)
report'” acknowledged that SABR had become the standard of
care for the management of early-stage medically inoperable
peripheral NSCLC. However, for other treatment sites, addi-
tional research data are required and, therefore, SABR should be
delivered only within a clinical trial setting.

The NRIG report proposed that, amongst other functions, the
UK SABR Consortium should develop an interdepartmental
audit programme to support widespread clinical implementa-
tion. To this end, in April 2012, in collaboration with the NCRI
Radiotherapy Trials Quality Assurance (RTTQA) group and the
National Physical Laboratory (NPL), the Consortium appointed
an experienced multidisciplinary QA group to establish and
address the QA needs of the Consortium membership. Sub-
group membership consisted of five supporting centres, repre-
senting a range of treatment platforms.

After frequent requests from within the Consortium for assis-

tance in developing the SABR protocols (at least 29 requests for

support, ranging from e-mail advice to performing a full-

external audit), the QA subgroup decided to circulate a detailed

questionnaire to the Consortium membership to address several

issues:

¢ Quantify the number of UK centres actively treating with
SABR and the number intending to develop a SABR service in
the next 2 years, so that the need for a formal mentoring
programme could be assessed.

e Identify current and future clinical sites being treated with
SABR.

¢ Identify the equipment used in different institutions so that
mentors and mentees could be efficiently matched.

¢ Quantify the resource implications of a SABR service.

¢ Determine if the Consortium guidelines are being adhered to,
guide best practice and alert outlying centres to possible
improvements in workflow and quality.

This would build on a previous questionnaire circulated by the
Consortium in June 2010, the results of which were reported by
Baker et al'® in 2011 and identified seven treating centres in the
UK, with a further six centres intending to treat using this
technique in the near future.

METHODS AND MATERIALS

An online questionnaire was sent to the Heads of Radiotherapy
Physics at all 65 UK radiotherapy centres in August 2012. The
survey took approximately 30 min to complete and aimed to as-
certain the progress being made in the implementation of SABR
treatment and to obtain details of current practices in centres with
active treatment programmes. Non-responders were followed up
by e-mail in October 2012, which increased the response rate
from 31% to 74% (48/65 UK institutions). Centres that reported
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having established a SABR treatment pathway but that the path-
way was not yet active were not included in the data analysis,
except in relation to four-dimensional CT (4D-CT) scanning,
where significant experience had been gained in all such cases.

The questionnaire covered several areas, often in considerable
detail: current and intended number of patients being treated for
each clinical site; immobilization and motion management
methods; CT scanning protocols; target and organ-at-risk (OAR)
delineation; treatment planning; image-guidance and treatment
protocols; and QA methods.

The following analysis of the questionnaire and the reporting of
results are influenced by the fact that all UK centres delivering
SABR are providing a service for peripheral lung, whereas only
a minority are doing so for other extracranial sites. Where the
data suggest a systematically different practice for non-lung
indications, this has been highlighted. Even amongst “treating”
centres, the response rate to some questions was partial, possibly
because of the wording of the questionnaire. Results are there-
fore quoted as a fraction of the centres responding to each
question. Where appropriate, the results are compared with
those of published surveys from elsewhere in the world to put
UK practice into an international context.

RESULTS

Current status and future expectations of UK
stereotactic ablative body radiotherapy provision
Response data were collated at the end of November 2012, at which
point, 48/65 (74%) centres had responded. 15 of the 48 responding
centres (23% of the UK centres) were treating patients with SABR.
On average, these centres were each treating 31 patients for lung
SABR per annum (range, 4-180 patients). The 8/15 centres cur-
rently treating <25 per annum, which is the minimum level of
provision recommended by the NRIG," could perhaps be
explained by limited initial provision as confidence and experience
are acquired. Four UK centres stated that they had developed
a treatment pathway but that the SABR programme was not yet
active. 14 of the remaining 29 centres that responded to the ques-
tionnaire plan to introduce SABR by the end of 2014, taking the
total number of treating centres to 33. Previous national surveys
from Japan and the USA suggest that despite a comparatively rapid
uptake, current UK SABR provision (23%) still lags behind that of
other countries: approximately 56% of Japanese institutions in
2009"” and 64% of US oncologists in 2011** had adopted SABR.

The responses shown in Figure 1 suggest that this rapid early
uptake is expected to continue, with a projected doubling of the
number of UK centres providing SABR by the end of 2014 and
>1000 patients being treated annually using standardized pro-
tocols based on the Consortium guidelines'* (only 4/33 centres
stated an intention to treat less than the 25 patient annual
workload recommended by NRIG once their SABR programmes
are active). These data might represent an optimistic projection
of future uptake but would suggest that UK SABR provision will
be broadly in line with international practice within 2 years.
However, even this projection is still at the lower end of the
NRIG guidance for commissioners, which estimated a demand
of 1000-3000 patients for inoperable peripheral lung cases.'”
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Figure 1. A graph showing the results from the current survey,
indicating current levels and 2-year projections of the number
of UK centres with an active stereotactic ablative body
radiotherapy programme. The current and predicted annual
numbers of treated patients is tabulated below the graph.
Adapted with permission from the British Institute of Radiology.
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Managing tumour motion and CT simulation
Immobilization and management of tumour motion is essential
to accurately deliver a high dose to the target.

A range of immobilization devices are used throughout the UK,
as indicated in Figure 2 [with “other” including thermoplastic
shells, BodyFix® (Medical Intelligence, Medizintechnik GmbH,
Schwabmunchen, Germany) frames and mattresses]. 12/15
centres indicated the use of a knee support for patients un-
dergoing lung treatments, while it is used universally for other
SABR treatments. Vacbag® (CIVCO Medical Solutions, Orange
City, IA) and wingboard are used for lung treatments by 10/15
and 9/15 centres, respectively. Several centres used a combination
of devices with the most popular combination being the use of
a wingboard with vacuum immobilization. This differs markedly

Figure 2. Immobilization devices currently used in the UK
(15 treating centres). SABR, Stereotactic ablative body
radiotherapy.
Please detail the immobilisation you are using /
intend to use for SABR patients

No. of Centres
=
O N B OO O

BJR

from reported practice in Japan,'” where the body frame was
used by 68% of centres, compared with just 1/15 centres in the
UK. However, a US survey”' showed that although 24% of
respondents used the stereotactic bodyframe, 52% used an
alpha-cradle/vacuum-lock system alone. This may be owing to
the fact that 62% of centres in Japan (2009)" were using two-
dimensional portal film for treatment verification compared
with 74% of US centres (2013) using three-dimensional cone
beam CT (CBCT), and therefore the Japanese centres were more
reliant on rigid immobilization.

Of the 19 centres that stated they had an established treatment
process for SABR patients (15 of which were already treating
patients with SABR), 15 centres use 4D-CT, while 1 centre
intended to do so in the future but currently controlled re-
spiratory motion using abdominal compression. Three other
centres use CyberKnife™ Synchrony® (Accuray Inc., Sunnyvale,
CA) tracking during treatment instead. This is broadly in line with
the recommendation of the Consortium guidelines,'* which
states that all centres should move towards the use of 4D-CT for
treatment of peripheral lung, although it might not always be
possible, for example, in patients with slow, shallow or irregular
breathing cycles, or even necessary, for example, in patients with
very superior tumours that have been observed not to move under
fluoroscopy. However, 4D-CT is not only limited to use with lung
patients but also tends to be used for other SABR indications
where respiratory motion might have an impact, specifically he-
patic and oligometastatic lesions. The widespread UK use of 4D-
CT reflects the recent uptake of this scanning technique, which
can inherently account for tumour motion by the delineation of
an internal target volume (ITV). This perhaps explains why gat-
ing, breath holding and abdominal compression are rarely used in
UK SABR practice, in sharp contrast to the Japanese survey from
2009," where the use of 4D-CT is not mentioned. However, the
US survey of SABR?' practice suggests that 4D-CT (used in 75%
of centres) is often used in combination with abdominal com-
pression (51%) or gating (31%).

UK centres have a range of experience with 4D-CT (Figure 3a).
The failure rate tends to be <10% (Figure 3b), and question-
naire responses indicate that this is primarily due to issues of
patient compliance or breathing irregularity. 4D-CT scans are
largely used to image the entire scan volume (14/17) rather than
just the section containing the tumour, and contrast is used
either as standard or in selected lung cases in 14/17 centres.
11 centres provided dose-length product (DLP) values to in-
dicate the typical 4D-CT scan dose, with the values found to vary
by almost an order of magnitude (range, 400-3840 mGy cm).
Further investigation suggested a possible dependence on
manufacturer (Table 1) perhaps due to differences in their
implementation of 4D-CT, whereas the experience of the centre
in terms of the number of 4D-CT scans performed, as well as the
choice of scan length, was not seen to correlate with DLP.

Delineation and treatment planning

12/15 centres delineate an ITV to contain respiratory-induced
tumour motion within the treated region, either directly from
the maximum intensity projection or from the union of gross
tumour volumes on all or a selection of individual phases (one
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Figure 3. (a) Current provision of four-dimensional CT (4DCT)
amongst stereotactic ablative body radiotherapy-active
centres in the UK and (b) approximate failure rate of 4DCT
scans in the UK.

Approximately how many patients have
received 4DCT scans in your centre?

7 =
6 1
g5
sS4
o
%53
22
0 - ; : .
<10 10-50 50-100 >100
No. of patients
(a)
What is the approximate failure rate of the 4DCT
scans?
12
10
3
t 8
[
S 6
s
G 4
=
.
0 | |
0% 1-10% 11-20% >20%
% of Failures
(b)

of these centres uses this ITV strategy in combination with
others). The three centres not using an ITV-based approach to
target delineation are instead using the CyberKnife Synchrony
motion management system.

It is most common to have uniform planning target volume
(PTV) expansion margins, except in the prostate where a smaller
posterior margin is often used. Minimum margins for different
clinical sites are not mandated by the Consortium guidelines,'*
as the optimal values will depend on the immobilization,
scanning protocol and delivery method used in each centre.
However, centres are encouraged to establish appropriate mar-
gins and audit their ongoing suitability as per “on target’*

Table 1. Four-dimensional CT scan dose-length product (DLP)
values grouped by scanner manufacturers

DLP mean DLP range
Manufacturers n

(mGycm) | (mGycm)
Philips Healthcare
(Best, Netherlands) 4 6438 400-800
GE Healthcare
(Buckinghamshire, UK) > 2756 1440-3840
Siemens Healthcare 5 1550 5001600
(Erlangen, Germany)

G Distefano et a/

recommendations. Reported PTV margins vary from 1 to 5 mm,
with 5mm being more common in treatment sites where there
is uncertainty due to breathing motion, e.g. lung and liver lesions
(Figure 4). This might also explain the wide range of margins
used for oligomets, which might depend more on the location of
the met than on the hospital at which they are treated.

Figure 5a,b, respectively, illustrate the diversity of equipment
used throughout the UK to delineate structures and plan lung
SABR treatments. 5/15 centres use some form of auto-
segmentation software to aid delineation (with 2 centres using
this for non-lung SABR plans), whereas only 4/15 rely entirely
on the clinician for lung SABR delineation.

7/14 centres use VMAT delivery, whereas 10/14 use a form of
inverse-planned solution in some or all cases. Only 5/14 centres
use exclusively fixed-field techniques and 6 centres use non-
coplanar beams for at least some of their patients. The Japanese
survey of 2009'” reported IMRT/VMAT solutions in 21% of cen-
tres, but it is perhaps to be expected that this proportion might
have increased significantly in the intervening period and that the
same trend towards increased delivery complexity as is seen in the
UK might also be occurring. In the more recent US survey,”'
although 48% are still using static non-coplanar beams, >40% are
using IMRT/VMAT solutions. For lung SABR, VMAT has been
shown to offer improved conformity, significantly reduced treat-
ment times and comparable or reduced OAR doses.”*™* It is
therefore anticipated that the use of this delivery technique will
continue to increase.

For SABR indications other than lung, the tendency is for non-
coplanar beam arrangements to be used, which perhaps reflects
the high proportion of CyberKnife-equipped centres treating
these patients.

The 3/15 centres treating with CyberKnife, which provides both
Type A and Monte Carlo algorithms, had elected at the time of
the questionnaire to plan using a Type A algorithm, which does
not account for variations in electron transport with the density
of the medium. All other centres use a more robust Type B
algorithm as recommended by the Consortium guidelines.'*
This reduction in the use of Type B algorithms compared with
the reported 94% of centres in Japan probably reflects the in-
creased use of CyberKnife in the UK.

Figure 4. The planning target volume (PTV) margin size across
a number of treatment sites.

If a uniform PTV margin is used, what is the margin size?
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Figure 5. lllustrating the diversity of equipment used through-
out the UK to (a) delineate structures and (b) plan lung
stereotactic ablative body radiotherapy treatments (responses
from 15 treating centres). Some centres used multiple systems.
Eclipse™ (Varian Medical Systems, Palo Alto, CA), GE Adv Sim
(GE Health Care, Buckinghamshire, UK), Monaco® (Elekta AB,
Stockholm, Sweden), Multiplan® (Accuray Incorporated, Sunny-
vale, CA), Pinnacle® (Philips Healthcare, Best, Netherlands),
ProSoma (Oncology Systems Limited, Shropshire, UK), Oncen-
tra® Masterplan (Nucletron™, Netherlands), Xio (Elekta AB).

Which software package are you using for
outlining?
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Verification and treatment

Of the treating centres, 60% (9/15) are performing treatment
verification with patients on the linac prior to Fraction 1
(i.e. checking patient compliance, practicalities of plan delivery
and immobilization etc.). This step, often referred to as “Day 07,
is recommended in the Consortium guidelines,'* so the reduced
implementation perhaps reflects centres with more experience,
having greater confidence and feeling able to remove this time-
consuming process (mean duration, 34 min; range, 20-50 min).

SABR lung treatments in the UK tend to be delivered on con-
ventional linear accelerators with CBCT imaging facilities, with
equal numbers, 5/12 responders, using Elekta® Synergy (Elekta
AB, Stockholm, Sweden) or Varian® OBI/TE (Varian Medical
Systems, Palo Alto, CA). A minority of centres (2/12) reported the
use of CyberKnife delivery, which probably reflects the current
lower install base of this technology in the UK.

Treatment of other extracranial sites with SABR is low with stan-
dard linacs, with prostate, pancreatic, renal and head and neck
SABR being performed exclusively in CyberKnife centres. The use
of ExacTrac® imaging on the Novalis® (Brainlab LG, Fedkirchen,
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Germany; Varian Medical Systems, Palo Alto, CA) is reported for
treating spinal tumours and there is some use of standard linacs for
treating both primary and metastatic liver disease.

Image guidance is mainly with a soft tissue registration for lung
SABR (11/14 centres) with some centres also using a preliminary
automatic match to a region of interest around the PTV. In other
areas of the body the use of implanted fiducial markers is more
common (all centres treating prostate, renal or pancreatic cancer
do so using fiducial implants), while bony anatomy is used for
indications where it is likely to provide a good surrogate for the
tumour position (e.g. head and neck and spinal tumours). Image
guidance for liver SABR (both primary and metastatic) tends to
use implanted maker techniques, sometimes in combination
with soft tissue registration.

The guidelines state that centres should assess the accuracy of
immobilization device/s used for positioning patients for SABR
and that systematic setup errors should be within 3—5mm. The
exact values will depend on the accuracy of equipment/couch
repositioning together with interobserver variability of image
registration. For example, CyberKnife reports an accuracy of
0.5 mm, whilst TrueBeam™ (Varian Medical Systems) tolerance
for couch repositioning is 0.5 mm, and Varian On-Board Im-
ager®/Elekta couch tolerances are both 1.0mm. The reported
imaging tolerance levels for lung SABR, as shown in Figure 6,
tended to be higher (mean, 1.41 mm) than those for other sites
(mean, 0.83 mm). This is likely to be in part as a result of the
tumour motion associated with lung treatments and might also
represent the variation in imaging techniques between the
mainly linac-based lung SABR and the higher proportion of
CyberKnife deliveries for other clinical indications. All centres
reported that the tolerances chosen were achievable.

Imaging during and/or following treatment is suggested in the
Consortium guidelines'* to verify that patient positioning is
maintained. For conventional linac-based lung SABR, this rec-
ommendation is largely being followed with 3/11 centres

Figure 6. Action level below which setup accuracy would be
considered acceptable for patients for lung treatments. As the
number of centres treating non-lung stereotactic ablative
body radiotherapy is low, these values have not been
displayed.
What is the action level below which setup accuracy
would be considered acceptable?

No. of Centres

14
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performing post-correction imaging, 6/11 performing mid-
treatment imaging and 9/11 imaging after the treatment has
finished. The three centres treating with CyberKnife use tumour
tracking, which involves regular verification of tumour position.
For other clinical sites, the post-correction and post-treatment
imaging is rare but mid-treatment imaging is almost universal,
perhaps reflecting the different imaging modalities available on
the CyberKnife and Novalis, which are predominately used to
treat these lesions and can acquire low-dose planar tube po-
tential images between treatment fields.

Quality assurance

Across all treatments sites, >50% of treating centres are still
performing patient-specific QA for all patients. This response is
in line with replies from a National SABR Dosimetry Ques-
tionnaire in early 2012 (G Distefano, Royal Surrey County
Hospital, Guildford, UK, Personal Communication), where
>50% of centres were using two or more methods for patient-
specific QA. Eight centres are using a homogeneous phantom
and four a semi-anthropomorphic phantom. 8/9 centres said
that additional routine linac QA is performed by a member of
the physics staff.

Timings for entire process of lung SABR

To help new centres allow for the extra time resources required
for the implementation of a SABR technique, the questionnaire
asked each centre to state the time required for each major step
in the SABR workflow. Whilst the outlining/planning and QA
takes longer than it does for conventional treatments, the total
treatment time can be significantly shorter owing to the reduced
number of fractions.

Only 3/19 centres use a simulator session as preparation for 4D-
CT lung scans, the duration of which can be anything from
<20 to 60 min, with a trend being observed towards the use of a
simulator session leading to shorter subsequent scanner sessions.
The length of 4D-CT scan sessions themselves, which can be
very variable (Table 2), appears to be unaffected by the choice
of immobilization and only weakly dependent on the centre’s
experience.

The time required for treatment planning was not seen to clearly
decrease with the SABR-related experience of the centre or the
use of a particular treatment planning system. Treatment plan-
ning times for other extracranial sites were broadly similar to
those shown in Table 2.

For a treatment to become widely available in busy hospitals as
part of the National Health Service, it must be deliverable in
a reasonable time. Treatment times for delivery of SABR vary
considerably across the country (Table 2), perhaps representing
the wide range of treatment techniques and imaging protocols
used. Lung SABR is on average quicker than for other sites and
mean times compare well to results from a previous Japanese
Survey in 2009'° (Table 2).

DISCUSSION
The survey benefited from a good response rate (74%) and can be
assumed to accurately reflect both current practice and the

G Distefano et a/

Table 2. A summary of the most frequent time at each stage of
the stereotactic ablative body radiotherapy process in the UK
compared with that in Japan

UK mode Japan mode
Stages . .

(min) (min)
4D-CT 30-40
Tar‘get an OAR 30260
delineation
Treatment planning >91 61-120
Patient-specific plan

04 —60

QA 30-45 50-6
Dallly treatment 21230 30
delivery

4D-CT, four-dimensional CT; OAR, organ at risk; QA, quality assurance.

aspirations of future provision of SABR in the UK. The data are
considered robust for treatment of peripheral lung owing to the
higher number of treating centres, but perhaps provide only an
indication of the future direction of UK provision for other ex-
tracranial sites. It would be very useful to repeat this survey in
2015, to assess how realistic the intentions expressed in the current
survey have been and whether further investment would be re-
quired to increase provision of this clinically advantageous tech-
nique. As outlined by a recent review article written by UK SABR
Consortium members that describes the context in which this
treatment technique is developing in the UK,'® the data on SABR
provision that have been acquired from the questionnaire have
already been used to inform successful negotiations regarding the
need to fund a mentorship scheme for centres implementing
a SABR programme and to assign appropriate mentors based on
the equipment used at each centre. Furthermore, the information
gathered has been used, in collaboration with the NPL and
RTTQA, to guide the successful development and implementation
of a formal dosimetry audit, which has been carried out in six
centres using a range of planning and delivery platforms. A follow-
up audit using a semi-anthropomorphic thorax phantom together
with alanine and radiochromic film is currently underway across
20 treating centres.

The survey also provides reassurance that SABR treatments in the
UK are largely performed according to the guidelines established
by the UK SABR Consortium, albeit with some clinical indica-
tions being treated where no formal guidance is offered.

The clinical commissioning policy for SABR, published by the
NHS Commissioning Board in April 2013, reports that there
is sufficient evidence to routinely commission SABR for the
subset of patients with early NSCLC meeting explicit in-
clusion and exclusion criteria, indicating that treatment of
this indication will be routinely funded. This is likely to
progress the development of SABR treatment for early NSCLC
in the UK.
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