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Implementing and sustaining a safe SABR service – 8 years of clinical experience.
Anastasi Distefano G, Rickard D, Dabbs M, Lamont K, Ezhil V, South CP, Adams EJ
Royal Surrey NHS Foundation Trust, Guildford, UK.
Background. SABR for Lung was implemented at the Royal Surrey County Hospital (RSCH) in
January 2012 and expanded to oligometastases (lung, spine, liver, lymph nodes and adrenals) in
2015-16 through the National CtE programme. We have a well-established protocol; however, like
all complex treatment techniques, this is routinely updated to meet changes in equipment, ongoing
learning and innovative solutions.
Methods. An enthusiastic core team (clinician, radiographer and physicist/planner) worked
closely together to introduce the initial technique and each new treatment site. Initially, a clinician
and physicist were present at every fraction; however we have been able to transition to a
radiographer-led service with the development of appropriate training packages.
All treatments are planned on Eclipse using VMAT. Initially, treatments were carried out using on
a Clinac with standard MLC at 6MV; however, as equipment has changed, the technique has been
adapted to use HDMLC, Truebeams and 10FFF. All plans have Portal Dosimetry and 2D-array
QA prior to treatment. The first 5 Spine SABR patients also had chamber and film measurements
in a Lucy Phantom.
From day one we actively led/participated in national dosimetry audits, as well as participating in
clinical trials. We have also mentored sites both informally and as part of a national programme.
Results. Initial service set-up began in June 2011, Fig 1. shows how the service has developed
with regards to clinical implementation for different sites. The complexity of cases accepted for
treatment has increased over time. 10FFF is used routinely although local measurements have
led us to exclude this modality for lung tumours <5#s or where motion is >1cm [1]. All patientspecific QA measurements have shown excellent agreement. The number of CBCTs acquired
per # has reduced, as has the mean overall treatment time (from 40±18min in 2012 to 31±19min
in 2017-19). Currently motion in abdominal lesions is managed on a case by case basis and is an
active area of development, including the use of breath-hold and 4DCBCT.

Figure 1. No. of SABR patients/year (per tumour site) from initial implementation in 2012 to 2019.

Discussion and Conclusion. A successful safe SABR service has been implemented, allowing
us to treat >700 SABR patients to date. Our initial lung protocol has been streamlined and adapted
for other SABR treatment sites. We are currently investigating the potential for reducing phantom
QA measurements due to the excellent agreement with predictions. Our set-up allows for
continuous development/improvement of the patient carepath via regular multi-disciplinary team
meetings.
Key references. Julian R, Hussein M, South C, and Ezhil V. Assessing the impact of the interplay

effect on 10FFF lung SABR treatment dosimetry. MPEC. 2017.

A decision making adaptive sandwiching approximation method (DMAS) based MCO approach
for SABR spinal vertebrae “doughnut” cases - Monaco Pathway
1
Oborska D, 1Jaganathan A, 1Fazlic S, 1,3,4Huddart R,1,2,4Khoo V, 1Weatherburn H
1
Cancer Centre London, SW19 5NB, UK, 2 Royal Marsden Hospital NHS Foundation Trust, SW3
6JJ, UK, 3 Royal Marsden Hospital NHS Foundation Trust, SM2 5PT, UK, 4The Institute of
Cancer Research, SW7 3RP
Background: To investigate the best possible approach radiotherapy treatment planning for multipolygon PTVs while constraining OAR doses employing DMAS method.
Methods: Employing this DMAS model, two groups of SABR doughnut patients were considered:
Type 1 - single dose level prescription; and Type 2 - SIB 3 dose level prescription. For both Types
of prescription, a Choline PET-CT examination showed posterior involvement in both pedicles at
levels D5 (Type 1) and T10 (Type 2) respectively: dose prescriptions details are included in Table
1. The UK SABR Guidelines1 (V6) were followed for tumour, OAR delineation and tolerances.
Monaco (V5.0 & V5.11) versions were used for dose optimisation. Details of the MCO (multi criteria
optimisation) approach are shown in Table 1 - Arms 1 & 3, respectively. By confining this MCO
approach in the TPS engine to available Pareto sets, it was then possible to introduce a DMAS
method (Table 1 - Arm 2) to establish a decision making tree for multi-polygon structures. Details
of OAR / PTV layering steps used in planning, which determine voxel ownership, are shown in
Table 1 for all three arms.

Results & Discussion: The results of a DMAS knowledge based MCO pathway (Arm 2), rather
an experienced treatment planner employing a subjective approach (Arms 1 & 3).This shows that
for single dose level prescription (i.e. Type 1) treatment plans, a strong correlation between dose
reduction in OARs ( > 22% - Arm2 vs Arm1) and sustained PTV dose coverage (HI improved by
7% in Arm 2 vs Arm3) is present. However, for SIB3 (Type 2) plans all three Arms produce similar
results, though DMAS offers a less complex approach to planning.UK SABR Guidelines (V6)
should be employed to achieve optimisation aims.
Conclusion: The DMAS based MCO approach, presented in this work, produces optimised dose
distribution PTV coverage and meets OARs constraints for spinal vertebrae “doughnut”
treatments. The results are at least as good (and sometimes better) than those achieved by
experienced planners and faster to achieve. Further work is now underway to investigate optimiser
solutions and improve modulation degree, with a view to reducing uncertainties and increasing the
efficiency of MU delivery.
References:
1) Stereotactic Ablative Body Radiotherapy (SABR): A Resource, SABR UK 2019 Consortium.
2) Planning of SABR spinal vertebrae “doughnut” radiotherapy treatment incorporating an SIB
for an Elekta VERSAHD Linear Accelerator. Arun Jaganathan, Vincent Khoo , Semir Fazlic,
Dominika Oborska-Kumaszynska, Henry Weatherburn, SABR 2019 UK Consortium.

Successful SABR treatment of two adjacent spinal haemangioblastomas
1
Lewis R, 1 Plowman PN, 2 Cook J, 2 Dean C.
1
Clinical Oncology, Barts Health NHS Trust, London, UK;
2
Radiotherapy Physics, Barts Health NHS Trust, London, UK.
Background
Haemangioblastomas are rare, benign, vascular tumours arising in the cerebellum, brainstem and
spinal cord either occurring spontaneously or associated with von Hippel-Lindau (VHL) syndrome.
NHSE has routinely commissioned stereotactic radiosurgery (SRS) for intracranial lesions only,
which presents an issue for intra-medullary spinal lesions, where conventionally fractionated
radiotherapy appears less effective, and surgery carries significant inherent risk3. Progressive
lesions in the spinal cord can cause pain, neurological symptoms and eventual paralysis. Patients
with VHL present an additional challenge as multiple lesions may exist in close proximity.
The evidence for the efficacy of SRS for haemangioblastoma is limited to case series1,2,4,5,6. Yet,
one such study with 92 lesions treated with SRS (16 spinal) reports actuarial LC rates in the spine
of 92% at both 36 and 60 months with symptomatic improvement and no radiation-related toxicity5.
We explore the case of a 39-year-old man with VHL having 2 lesions: one dorsally at C2/3 and one
ventrally at C5 (fig. 1), we outline patient immobilisation and imaging considerations along with the
complexities of planning and scheduling Stereotactic radiotherapy for this presentation.
Methods
Given the lesions’ proximity to each other (and to spinal cord), and
intended circumferential dose of 9Gy in a single fraction, the decision
was made to treat the lesions consecutively (6-month interval) to
assess tumour and normal tissue response before treating the second.
The patient was immobilised and MRI & CT-scanned in that position. A
margin of 1mm was used from spinal cord to PRV and from GTV to
Fig 1. Lesions on MRI
PTV to account for targeting and image-registration uncertainty.
Lesions were individually inverse-planned using the Accuray Precision
TPS by wholly avoiding intersection of beams with the
untreated lesion in each plan.
Results
Dosimetry for the C2/3 PTV is visualised in figs. 1 & 2. 9 Gy
covered more than 99% of each PTV whilst respecting cord
PRV dose tolerance at each vertebral level. <0.2Gy was
delivered to the untreated lesion in each fraction.
Fig 2. PTV 1 planned dosimetry
Discussion
Despite the extreme proximity of targets to the normal spinal cord and each other, meaningful
clinical dosimetry was deliverable whilst respecting cervical spinal cord tolerance. The patient
experienced no acute toxicity and the first treated lesion shows signs of radiological regression.
Conclusion
There is little experience of using SRS for extracranial haemangioblastomas. However, we
illustrate that by applying appropriate consideration to immobilisation and treatment planning,
clinically useful doses can be delivered to such lesions leading to toxicity-free lesion regression.
Key references.
/

/

1 Asthagiri AR, et. al., Prospective evaluation of radiosurgery for haemangioblastomas in von Hippel-Lindau
disease. Neuro-Oncology 12(1):80-86, 2010
2 Chang U-K, et. al., Radiosurgery using the cyberknife for benign spinal tumours: Korea Cancer Center
Hospital experience. J Neuro-oncol. 2011 101:91-99
3 Gerszten PC, et. al., Radiosurgery for benign tumours of the spine: clinical experience and current trends.
Technology in Cancer Research and Treatment. Vol 11:2 2012
4 Kano H, et. al., Stereotactic radiosurgery for intracranial haemoangioblastomas: a retrospective
international outcome study. Journal of Neurosurgery 122: 1469-1478. 2015
5 Moss JM, Choi CY, Adler JR, Soltys SG, Gibbs IC, Chang SD. Stereotactic Radiosurgical Treatment of
Cranial and Spinal Haemangioblastomas. Neurosurgery 65:79-85, 2009
6 Patrice SJ, el. Al., Radiosurgery for haemangioblastoma: results of a multi-institutional experience. Int. J.
Radiation Oncology Biol. Phys. Vol. 35. No. 3: 493-9

Successful SABR treatment of extended bony metastases in the iliac blade and acetabulum
1
Dean CJ, 2Conbear J , 1Cook J
1
Radiotherapy Physics, Barts Health NHS Trust, London, UK.
2
Clinical Oncology, Barts Health NHS Trust, London, UK.
Background
Interest in the use of SABR for oligometastatic cancer is increasing as a result of recent positive
phase 2 clinical trials1,2. However, while evidence levels remain relatively low, NHS England
(NHSE) set strict patient eligibility requirements in its Commissioning Through Evaluation (CtE)
SABR programme whilst assessing institutions’ ability to deliver high quality SABR treatments3.
Methods.
A 71-year-old female patient with metastatic squamous cell
carcinoma of the lung previously treated radically unfortunately
re-presented with high levels of pelvic pain two years after
primary treatment. On imaging, there were highly suspicious
PET-avid lesions in the left iliac blade (63mm) and the ipsilateral
acetabulum (31mm). Having been offered palliative radiotherapy
in another institution, consideration was sought from the patient
for SABR treatment to the oligometastatic pelvic sites.
The case was discussed at the Barts SABR MDT and was found to
be technically suitable following a dummy planning exercise and
assessment of treatment localisation. The patient was planned
using CT co-registered with diagnostic MRI (fig.1 blue GTV red
PTV) and F18-FDG PET-CT using multiple fixed collimation
CyberKnife beams for a peripheral dose of 30Gy in 3 fractions.
Results
The treatment plan results are in figs. 2 & 3. PTV coverage with
30Gy was moderately compromised to respect proximate organ
at risk tolerances. Three months after treatment, SUV max had
reduced in the iliac blade (11.0 to 5.2) and in the acetabulum
(8.6 to 5.0). Pain score also reduced (9/10 to 3/10).
Discussion
Despite the very extended long-axis PTV length and
moderate dosimetric compromise at 30Gy, SABR
dosimetry was technically achievable, deliverable and
was clinically successful given the large pain reduction
and ongoing local control in the absence of acute
toxicities.

Fig 1. Targets on MRI

Fig 2. Planned dosimetry

Fig 3. Planned dose statistics

Conclusion
Despite the patient not fitting CtE eligibility, we have shown that extremely hypofractionated
dosimetry can be safely delivered to extended pelvic bony metastases with clinically acceptable
outcomes. It is possible that with appropriate experience and technical ability, SABR has clinical
utility beyond the current UK patient eligibility criteria.
Key references
1 Palma et. al., Stereotactic ablative radiotherapy versus standard of care palliative treatment in
patients with oligometastatic cancers (SABR-COMET): a randomised, phase 2, open-label trial.
Lancet. 2019 May 18;393(10185):2051-2058.
2 Gomez D et. al., Local Consolidative Therapy Vs. Maintenance Therapy or Observation for
Patients With Oligometastatic Non–Small-Cell Lung Cancer: Long-Term Results of a MultiInstitutional, Phase II, Randomized Study. J Clin Oncol 2019 37:1558-1565
3 https://www.hra.nhs.uk/planning-and-improving-research/application-summaries/researchsummaries/sabr-cte-v20/

The introduction of SABR for head and neck retreatments
1
Richmond N, 1Iqbal S, 1Wilkinson M, 1Pilling K, 1Locks S and 1Walker C
1
Northern Centre for Cancer Care, Newcastle upon Tyne NHS Hospitals Foundation Trust,
Freeman Hospital, Newcastle upon Tyne, NE7 7DN
Background.
In the UK there are approximately 12,000 new head and neck cancer cases diagnosed each year
[1]. Patients in this heterogeneous group are generally treated with a combination of surgery,
radiotherapy and systemic therapy. However, locoregional progression is not uncommon and is a
major cause of patient mortality [2]. Re-irradiation has generally not been considered an option for
these patients because of the risk of significant toxicity and poor outcomes with conventional
fractionation schemes [3]. There is growing evidence that recurrences can be safely treated with
large radiation doses in a small number of fractions [4].
Methods.
A multidisciplinary team was set-up in our centre to consider the technical feasibility of delivering a
head and neck retreatment service. Literature reviews and mentoring from a centre already
providing this service (Ankara, Turkey) provided key safety advice. Patient selection for this
therapy is crucial. The time elapsed since original definitive radiotherapy should be greater than 6
months and the Gross Tumour Volume (GTV) should be less than 50cm3 as these have been
found to be linked to better survival outcomes [5]. An isotropic margin of 3mm around the GTV is
suitable when creating the Planning Target Volume (PTV) as the patients are immobilised in a 5
point fixation head shell. Knowledge of DVH parameters for the dose and fractionation previously
given to adjacent organs at risk is crucial in determining safe constraints for this treatment using
radiobiological modelling. The risk of Carotid Blow Out Syndrome is minimised by treating on
alternate days and restricting the maximum carotid dose to <30Gy to <1800 of its circumference.
Results.
The first patient was retreated in December 2019 with 40Gy in 5 fractions to the PTV at our centre
following guidance from an international mentor. VMAT plans were created on Raystation and
delivered on a Varian STx linac using CBCT for image guidance. Organ at risk total doses and
original fractionations from previous radiotherapy were taken into account to provide bespoke
radiobiologically determined constraints on an individual patient basis. Early follow-up of the 3
patients treated suggests radiotherapy has been well tolerated with no Grade 2 toxicity or above.
Conclusion.
Retreatment using high doses of radiotherapy in a small number of fractions is a technically
feasible option for patients with recurrent head and neck cancer. Careful consideration should be
given to account for previously delivered radiation. This must include details of the total dose,
number of fractions and which DVH parameter this relates to in order to allow radiobiological
calculations to be made for OAR retreatment constraints.
Key references.
[1] www.cancerresearchuk.org, visited 24/01/2020.
[2] Coatesworth AP, Tsikoudas A, MacLennan K. The cause of death in patients with head and
neck squamous cell carcinoma. J Laryngol. Otol. (2002) 116, 269-271.
[3] Spencer S, Harris J, Wheeler R, Machtay M, Schultz C, Spanos W et al. Final report of RTOG
9610, a multi-institutional trial of re-irradiation and chemotherapy for unresectable recurrent
squamous cell carcinoma of the head and neck, Head Neck (2008) 30, 281-288.
[4] Lartigau E, Tresch E, Thariat J, Graff P, Coche-Dequeant B, Benezery K, et al. Multi
institutional phase II study of concomitant stereotactic reirradiation and cetuximab for recurrent
head and neck cancer. Radiother. Oncol. (2013) 109(2), 281-5.
[5] Yuce Sari S, Cengiz M, Elmali Dogan A, Yilmaz M, Yazici G and Ozyigit G. Results of
Reirradiation with Stereotactic Radiotherapy in Recurrent Head and Neck Cancer. Int. J. Radiat.
Oncol. Biol. Phys. (2019) Sept. 1, 105(1), Supplement E386.

Imaging Optimisation in Cardiac SABR for Ventricular Tachycardia
Karen Pilling, Stephen Hedley, Hazel McCallum, Chris Walker, Rachel Brooks, Bethany Ormston,
Laura Mackenzie.
Newcastle Upon Tyne Hospitals NHS Foundation Trust, UK.
Introduction:
Recent evidence suggests that SABR may have an emerging role in the treatment of patients with abnormal
heart rhythms, Ventricular Tachycardia (VT), a non-malignant condition with high mortality. (1,2,3,4) Using
SABR to treat VT represents a novel treatment alternative for cardiac patients too sick for invasive
treatments or in whom conventional therapies, including invasive cardiac catheter ablation, have failed. This
is a completely new radiotherapy technique with unique challenges and imaging protocols for both pretreatment and verification needed to be developed to facilitate its introduction.

Method:
A 4DCT protocol with increased mAs was developed to provide diagnostic quality imaging to allow organ
delineation for treatment planning. Patient scans with and without abdominal compression were acquired to
allow assessment of OAR positions and motion. Omnipaque was administered to improve visualisation of the
stomach. The selected 4DCT scan was used in conjunction with non-invasive 3D electro-anatomical
mapping and diagnostic CT scanning of the heart to define the VT substrate by a cardiologist and an ITV
developed to incorporate the VT target using RayStation (RaySearch Laboratories AB, Sweden) treatment
planning system. Consideration was given to verification imaging to reduce artefacts associated with
cardiac pacing wires and complex organ motion. Experimental CBCT scans were acquired for both moving
and static phantoms using a variety of projections, mAs, gantry speed and 4DCBCT with the resulting
images subjectively assessed for optimum image quality and acquisition time.

Results:
Following satisfactory plan production, a total dose of 25 Gy was delivered in a single 45 minute procedure.
Abdominal compression was found to make minimal difference to organ motions and moved OARs closer to
the target in 2 out of 3 patients and so was not used for these. Image quality, specifically the discrimination
of cardiac wall and blood pool, was much improved at planning 4DCT by increasing mAs, which aided the
target outlining process. Increasing mAs of verification CBCTs was found to improve image quality up to a
point and increasing the number of projections was found to significantly reduce the appearance of artefacts
at the expense of acquisition time, which could be mitigated to an extent. These CBCT parameters allowed
for optimal online image matching. A pre-treatment 3 minute 3DCBCT allowed a 6DoF bone match followed
by a 6DoF match to the heart contour in less than 8 minutes matching time. Artefacts from pacing wires
were still present but significantly reduced, making the matching much easier and more accurate. A postshift 2 minute 3DCBCT with a 3DoF match was performed to account for any errors introduced by applying
6DoF shifts. Mid-treatment CBCTs demonstrated intrafraction motion was within1- 2mm throughout. Image
quality on the 4DCBCT was felt to be inadequate for matching purposes at this time, especially on individual
phases, but gave a crude estimate of respiratory motion and re-assurance on target coverage

Conclusion:
Optimisation of imaging parameters revealed a significant increase in image quality. These had not
previously been explored in depth for conventional radiotherapy but were invaluable for cardiac SABR.
Increasing the mAs for planning scans significantly improved image quality whereas the biggest gains for
verification imaging came with increasing projection numbers. This has helped with confidence in outlining
and verifying patient position at treatment before delivery of the ablative dose. This innovative technique
may provide a new treatment option for patients who have exhausted conventional treatments.
References:
1.
2.

3.
4.

Cuculich, P.S., Schill, M.R., Kashani, R., Mutic, S., Lang, A., Cooper, D., Faddis, M., Gleva, M., Noheria, A., Smith, T.W. and Hallahan, D.,
2017. Noninvasive cardiac radiation for ablation of ventricular tachycardia. New England Journal of Medicine, 377(24), pp.2325-2336.
Robinson, C.G., Samson, P.P., Moore, K.M., Hugo, G.D., Knutson, N., Mutic, S., Goddu, S.M., Lang, A., Cooper, D.H., Faddis, M. and Noheria,
A., 2019. Phase I/II trial of electrophysiology-guided noninvasive cardiac radioablation for ventricular tachycardia. Circulation, 139(3), pp.313321.
Sharp, A.J., Mak, R. and Zei, P.C., 2019. Noninvasive Cardiac Radioablation for Ventricular Arrhythmias. Current Cardiovascular Risk Reports,
13(1), p.1.
Cvek, J., Neuwirth, R., Knybel, L., Molenda, L., Otahal, B., Pindor, J., Murárová, M., Kodaj, M., Fiala, M., Branny, M. and Feltl, D., 2014. Cardiac
radiosurgery for malignant ventricular tachycardia. Cureus, 6(7), p.e190.

Implementing Renal SABR
1
Johnson D, 1Peedell C, 1Swingler A, 1Green J, 1Burke K
1
The James Cook University Hospital, Middlesbrough, UK
Background: In the UK, where Kidney Cancer accounts for 2-3% of all adult malignancies [1], the
current standard of care for most patients with early stage, localised disease is open partial
nephrectomy [2]. However, due to the high occurrence of the disease in the elderly population,
many patients are not suitable for nephrectomy because of the co-morbidities associated with this
demographic. Less invasive treatments are available, namely: Radio-Frequency Ablation (RFA),
cryotherapy and microwave ablation [3]. While there is limited evidence that conventionallyfractionated improves survival [4], Stereotactic Ablative Radiotherapy (SABR) has been suggested
as a treatment approach [5,6,7] . Renal SABR has the advantage of being less invasive that RFA
and cryotherapy with the ability to treat more centrally-placed tumours, larger (>4cm) tumours and
tumours that are situated adjacent to the collecting system and vessels without fistula and stricture
concerns [8]. Locally there was interest in offering renal SABR as a treatment option with referrals
coming from the urology MDT.
Methods: Based on the methodology discussed from the IROCK study [6,8], the ITV was defined
using a free-breath and 4D CT scan or inhale/exhale scans depending on patient compliance; the
PTV was generated by growing the ITV 5mm laterally and 6mm in the sup-inf directions. 42Gy in 3
fractions was prescribed and scheduled to be delivered on non-consecutive days. A 220° 6MV
Flattening Filter Free (FFF) VMAT delivery was planned using Monaco version 5.11 (Elekta AB
Sweeden), and delivered using a Elekta Versa HD. Pre-treatment patient-specific QA was
performed using the Delta 4 phantom (Scandidos, Sweeden)
Results: Pre-treatment QA passed the local-criteria of 98%
of points achieving the 2mm/3% gamma index and a pointdose measurement being within 2% of the calculated dose.
This is unsurprising given the modulation index – indicative
of plan complexity – was, in both cases, lower than the local
average (Figure 1). All planning objectives were achieved,
the patients were compliant and the treatment was, in both
cases, delivered successfully.
Discussion: The approaches to imaging, planning and
treatment were taken – with minimal modification – from
lower-lobe lung SABR protocol. Any centre, like JCUH, with
a well-established lung-SABR service should also find
implementing renal SABR reasonably straightforward.

Figure 1: Histogram showing the
modulation degree of JCUH’s last 2000
VMAT plans. Average renal SABR
modulation highlighted.

Conclusion: SABR has been indicated as a minimally invasive alternative to surgery for the
treatment of renal cancers. In this work a SABR treatment pathway was established and used to
successfully treat two patients. Both are doing well according to local follow up, with no serious
toxicities reported.
Key references
[3] Leveridge, M. J. & Jewett, M. A. (2011), ‘Recent developments in kidney cancer’, Canadian Urological Association
Journal5(3), 195.
[1] Lewis, G. & Maxwell, P. (2012), ‘Early diagnosis improves survival in kidney cancer’, The Practitioner 256, 13–6, 2.
[2] National Institute for Health Care Excellence (2006), ‘Laparoscopic partial nephrectomy’, Interventional procedures
guidance.
[6] R ̈uhle, A., Andratschke, N., Siva, S. & Guckenberger, M. (2019), ‘Is there a role for stereotactic radiotherapyin the
treatment of renal cell carcinoma?’,Clinical and translational radiation oncology.
[5] Siva, S., Ellis, R. J., Ponsky, L., Teh, B. S., Mahadevan, A., Muacevic, A., Staehler, M., Onishi, H., Wersall,P.,
Nomiya, T. et al. (2016), ‘Consensus statement from the international radiosurgery oncology consortiumfor kidney for
primary renal cell carcinoma’,Future Oncology12(5), 637–645.
[4] Siva, S., Kothari, G., Muacevic, A., Louie, A. V., Slotman, B. J., Teh, B. S. & Lo, S. S. (2017), ‘Radiotherapy for renal
cell carcinoma: renaissance of an overlooked approach’, Nature Reviews Urology14(9), 549.
[7] Siva, S., Louie, A. V., Warner, A., Muacevic, A., Gandhidasan, S., Ponsky, L., Ellis, R., Kaplan, I., Mahade-van, A.,
Chu, W. et al. (2018), ‘Pooled analysis of stereotactic ablative radiotherapy for primary renal cell carcinoma: A report
from the international radiosurgery oncology consortium for kidney (irock)’,Cancer124(5), 934–942.
[8] Kothari, G., Louie, A. V., Pryor, D., Vela, I., Lo, S. S., Teh, B. S. & Siva, S. (2017), ‘Stereotactic body radiotherapy for
primary renal cell carcinoma and adrenal metastases’, Chin Clin Oncol6(Suppl 2), S17.

Challenges of Linac based SRS.
Jennings C.S., Pollitt A.J.
Radiotherapy Physics, Rosemere Cancer Centre, Preston, UK.
Background.
Stereotactic Radiosurgery (SRS) treatments are becoming more prevalent with decreasing
fractionation regimes. The benefits of SRS can only be realised with accurate treatment planning,
dosimetric and geometric verification. This presents a series of challenges for linac based
techniques when trying to accurately treat high dose, very small targets:
1.
2.
3.
4.

The treatment planning beam model with high accuracy for small fields.
Patient Specific QA.
Long treatment delivery times for high dose, multi-lesion treatments.
QC tests and tolerances to ensure high dosimetric and geometric accuracy.

Methods.
Each of the treatment challenges of linac based SRS were investigated:
1. An investigation in to a specific SRS beam model was performed.
2. Different detectors were investigated for a variety of standard fields and patient SRS plans,
following the latest guidance on Small Fields Dosimetry1. Geometric verification techniques
have been developed using film.
3. Comparison of multi-iso technique to single-iso technique in terms of accuracy and delivery
times for several patient cases.
4. Full review of current linac QC tests with regards to accuracy requirements for SRS
treatments of a large range of lesion sizes.
Results.
Across 3 different linacs, output-factors were shown to have a standard deviation of less than 1%
down to field sizes of 1cm x 1cm and 1.6% for a field size of 0.6 cm x 0.6 cm. Output factor
measurements with different detectors had a standard deviation of less than 1% down to field sizes
of 1cm x 1cm and 1.9% for a field size of 0.6 cm x 0.6 cm. For the NHS England RTTQA standard
7-lesion test case, we have verified with point dose measurements, 5 lesions to within 3% of the
planning system dose with our worst case being -5.03%.
Comparison of single and multi-iso techniques showed no change in plan quality and a significant
reduction in treatment time of greater than 200% compared with multi-iso static deliveries.
Ball bearing phantom measurements are performed monthly on SRS linacs and show that the MVisocentre is does not move outside of a 1.5 mm diameter locus. Also the variation with isocentre
and couch rotation is also within 1 mm.
Discussion & Conclusion
The SRS beam model has been improved to include smaller output-factor data, smaller minimum
leaf gap and improved head scatter. We have matched the beams of 3 linacs which show good
agreement in their output factor measurements. We have verified the NHS England RTTQA
standard 7-lesion case.
The challenges of SRS are considerable and require a dedicated team and significant resources. It
has been shown that there is a lot of potential to optimise planning treatment delivery on linacs to
be able to accurately plan and deliver highly accurate SRS treatments, even for the smallest
lesions.
Key references.
1. IAEA TRS 483 (2017), Dosimetry of small static fields used in external beam
radiotherapy.

Implementation of 4DCBCT for lung SABR verification on Varian TrueBeam
Grimes H, 1Hindocha N, 1Lalli N, 2Petkar, S Moinuddin, S
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Radiotherapy Physics, UCLH NHS Foundation Trust, UK

2

Radiotherapy, UCLH NHS Foundation Trust, UK

Background. 4D Image guided radiotherapy (IGRT) plays an important role in tumour localisation
for lung patients, by providing information on respiratory motion at the time of treatment. One
proposed approach is respiratory correlated cone-beam CT] (4D-CBCT) [1] which has been
recommended in the UK SABR consortium guidelines [2] and in the ESTRO ACROP consensus
guidelines for lung SBRT [3]. Like 4DCT, 4D-CBCT will be susceptible to irregular breathing motion
and can be an additional source of uncertainty with this imaging modality. Varian’s implementation
of 4D-CBCT is described in their TrueBeam Technical reference guide for imaging [4] and
recommends to include a minimum 20 breathing cycles during acquisition. The impact on workflow
when using this technique is also dependent on software version of both TrueBeam and Aria. This
work aimed to quantify the accuracy of the motion measured using 4DCBCT, and also identify an
efficient streamlined implementation process to minimise impact on departmental workload.
Methods. The ISIS phantom is a geometric phantom used for CT QA and includes an insert
containing a Teflon ball encased in Perspex. The Quasar respiratory platform is a programmable
platform which can be used to simulate different types of respiratory motion. Multiple 4DCT
acquisitions of the ISIS phantom on the Quasar respiratory platform were acquired (figure 1),
varying the motion from 1cm – 2cm, and the breathing rate from 3 seconds per breath to 7
seconds per breath. The maximum intensity projection (MIP) from each scan was used to
determine the length of movement of the Teflon ball, and this envelope of motion was contoured as
an ‘iGTV’. The process was repeated for 4DCBCT acquisitions on TrueBeam, for a single
acquisition time, and also for acquisition times optimised for the breathing rate of the phantom. The
volume of the iGTV contoured on the 4DCT scan was compared to the corresponding volume
contoured on the different 4D CBCTs. This process was completed with the following software
combinations; TrueBeam 2.5 with Aria 13.7, TrueBeam 2.7 with Aria 13.7 and TrueBeam 2.7 with
Aria 15.
Results. Good agreement was found between the iGTV contoured on the 4DCT and
corresponding 4D CBCTs for all amplitudes and breathing rates tested (figure 2). The 4D CBCT
reconstruction which had an optimised acquisition time had slightly better iGTV volume agreement,
but the length of movement measured was the same and this made no clinical difference to match
decision. Acquisition, reconstruction and saving time for TrueBeam 2.5 with Aria 13.7, and
TrueBeam 2.7 with Aria 13.7 was prohibitory long for clinical implementation, however with ARIA
15, save time was significantly reduced and made this a viable imaging technique for
implementation.
Conclusion. The accuracy of 4D-CBCT for lung SABR verification was quantified and a
streamlined imaging process implemented for this cohort of patients.
Key references.
[1] Sonke JJ et al, Respiratory correlated cone beam CT, Med Phys. 2005 Apr;32(4):1176-86,.
[2] Stereotactic Ablative Body Radiation Therapy (SABR): A Resource, SABR UK Consortium,
V6.1, 2019
[3] Guckenberger M et al,ESTRO ACROP consensus guideline on implementation and practice of
stereotactic body radiotherapy for peripherally located early stage non-small cell lung cancer.
Radiother Oncol. 2017 Jul;124(1):11-17
[4] TrueBeam 2.7MR3 Technical Reference Guide, Volume 2: Imaging, Jul 2018

Figure1 :ISIS phantom mounted on the Quasar Respiratory Phantom for multiple 4DCT
acquisitions

Figure 2: Volume of central Sphere within ISIS phantom for multiple breathing acquisition
rates on 4DCT and 4D-CBCT
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Background. The Proknow DS* cloud based
software is in the process of being evaluated
by NHS England. One of its features is the
ability to generate scorecards to evaluate
plans against a set of metrics. The UK
SABR consortium guidelines recommend
target volume and organ at risk dose
constraints for SABR treatments to primary
lung tumours. These vary according to PTV
volume and fractionation schedule. NHS
Radiotherapy centres treating lung SABR
therapy are encouraged to follow the lung
SABR consortium guidelines and Proknow
allows a rapid evaluation of the compliance
of plans.
Methods. We have created Proknow
Figure 1. Scorecard for 55Gy, 5# for target volumes <20cc.
scorecards to allow it to extract dose
The “design” column shows the numerical boundaries set in
information from uploaded plans to evaluate
the guidelines for the range of acceptability (acceptable,
minor deviation, major deviation etc). The right “population”
compliance of individual plans, departmentcolumn shows box and whisker plots against those colours
wide collections of plans and comparison of
groups of patients between hospitals within a for the whole collection of patients using this scorecard.
network. The guidelines requirements specify 5 PTV volume groups (<20cc, 20-40cc, 40-50cc, 6090cc & >90cc), and 4 prescription options (54Gy in 3#, 55Gy in 5#, 60Gy in 5#, 60Gy in 8#)
making a total of 20 sets of requirement to cover the available clinical options. This makes audit of
lung SABR implementation a non-trivial task.
We created 20 separate scorecards in Proknow corresponding to the guidelines specification and
uploaded anonymised clinical patient RTPlan, and RTDose Dicom datasets to the Proknow
system.
Results. Figure 1 shows the 55Gy in 5#, =<20cc scorecard and the result of applying this
scorecard to a population of patients. Figure 2 shows population statistics for 25 percentile bands.
Population & departmental compliance is easy to evaluate and individual patient compliance can
be inspected directly from the charts or from the uploaded patient plans. These comparisons are
available for patients, patient groups, departments, networks and nationally.
Discussion.
Proknow provides
a powerful,
intuitive tool to
evaluate
departmental
compliance with
the published
guidelines from
individual plans to
specific patient
cohorts.
Figure 2. Population DVHs for Spinal Cord (left) and PTV (right) showing 0, 25, 50, 75, and
Interdepartmental
100 percentile bands. Individual patient PTVs can be visualised easily within the population
comparison within
PTV.
a network is also
straightforward and this allows easy access to network audit with minimal work. Exceptions and
outliers are simply interrogated by accessing the patient plans directly from the DVH plots.
* Proknow DS, Sandford, Florida

