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Background
This document has been created to provide guidance to Radiation Oncologist’s (RO) prescribing Stereotactic Radiosurgery (SRS) to patients with brain metastasis(es), and for Radiation Therapist’s (RT) planning and treating SRS in definitive and post-operative settings. 

Key Objective
This document will serve as a guide in the clinical decision-making process for RO’s prescribing SRS for their patients. 

Alerts 
SRS prescribing, planning and treatment delivery must be carried out by appropriately trained RO’s and credentialed RT’s on commissioned planning software, linear accelerator with appropriate image guidance.
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This Clinical Guideline Definitive and Postoperative Stereotactic Radiosurgery for Brain Metastasis(es) applies to all Radiation Oncologist’s and Radiation Therapist’s involved in the SRS service working within their scope of practice in the Radiation Oncology Department within Canberra Health Services. 
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· Histological diagnosis of a primary solid-organ malignancy.
· 1 to 5‡ brain metastasis(es)/tumour cavity(ies) visualised on MRI brain with gadolinium.
· Maximum dimension of any single lesion ≤40 mm for intact brain metastasis and ≤50 mm for tumour cavity.
· Minimum lesion dimension of ≥8 mm.
· Maximum volume of any single PTV must be ≤10 cm3 in situ or ≤15 cm3 cavity^.
· Summated volume of all lesions to be treated with SRS must be ≤15 cm3*.
· ECOG 0 to 2#.

The following deviations from the above indications may be appropriate depending on the clinical context at the discretion of the treating Radiation Oncologist:
· ‡SRS for >5 brain metastases (either concurrently or sequentially).
· ^Relates to single fraction SRS. For hypofractionated SRS: the maximum volume of a single PTV is not well defined and can be >10 cm3 in situ or >15 cm3 cavity.
· *Relates to single fraction SRS. For hypofractionated SRS: the summated volume of all lesions can be >15 cm3 but must be <35 cm3.
· #ECOG >2 (particularly if performance status decline is thought to be due to intracranial disease).
Back to Table of Contents 
	[bookmark: _Toc389473281][bookmark: _Toc393203337][bookmark: _Toc116641214]Section 2 – Contraindications 



Absolute contraindications
· Unable to lie still safely for planning/treatment
· Diffuse leptomeningeal involvement
· Pregnancy

Relative contraindications
· Severe claustrophobia
· >1 cm midline shift on imaging
· Uncontrolled seizures
· Concurrent use of radiosensitizers
· Connective tissue disorder (in particular: scleroderma)
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Patient factors
· Age
· Comorbidities/estimated prognosis
· Performance status
· Preference
· Compliance to treatment and follow up

Tumour factors
· Histopathological/molecular type
· Size, site (eloquent vs non-eloquent cortex; brainstem), number, and volume of lesions
· Presence/extent of leptomeningeal involvement
· Presence/extent and stability of extracranial disease 

Treatment factors
· Seizure control
· Previous radiotherapy and dose received by the lesion(s) and OARs
· Suitability for surgery/previous brain surgery
· Available effective systemic treatment options
· Concurrent systemic treatment (including chemotherapy, immune checkpoint inhibitors, molecular targeted agents, and endocrine treatment)
· Ability to tolerate MRI brain 
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· Ensure the following documentations are available prior to simulation:
1. History (including neurological symptoms)
2. Examination
3. Histological confirmation of malignancy
4. Reports of relevant radiological investigations
5. Consent for treatment
· Review planning MRI brain to confirm suitability for SRS.
· Consider premedication for anxious patients (lorazepam 0.5 to 1 mg SL).
· Prescribe pre-SRS dexamethasone.
· Advice about driving restrictions (where appropriate).
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Intent: High dose palliative.

Rationale: To improve local control and potentially overall survival.

Simulation:
· Supine with head in neutral position.
· Immobilised with head rest and frameless Cranial 4Pi stereotactic mask.
· Acquisition of 1 mm slice CT from above the vertex to the thoracic inlet.

Post simulation:
· Gadolinium enhanced planning T1 MRI (5- and 10-min delay sequences) fused with the planning CT scan. Other sequences may be requested at the discretion of treating RO.

Target volume:
· Intact tumour:
· GTV = visible tumour on gadolinium enhanced T1 MRI and planning CT
· CTV = GTV
· PTV = CTV + 1 mm isotropic expansion
· Surgical bed/cavity:
· GTVcavity = gadolinium enhancing resection cavity on T1 MRI + any suspicious residual disease
· CTVcavity = GTVcavity + 1mm isotropic expansion
· PTVcavity = CTVcavity + 1mm isotropic expansion 

ISRS guidelines for CTV delineation of surgical cavity SRS (2021): 
· Should include the entire contrast-enhancing surgical cavity as well as surgical tract.
· For tumours with preoperative involvement of dura, include 5-10mm margin beyond the preoperative region of tumour involvement.
· For tumours that did not contact dura or venous sinus, include 1-5mm margin along the bone flap or sinus.

Caveats:
· Although the consensus contouring guidelines suggest that the entire surgical corridor leading to the resection cavity be included in the target volume, a pattern of failure analysis published in the interim period failed to show differences in the rate of local control irrespective of whether the surgical corridor was targeted, although rates of leptomeningeal disease were lower when the surgical corridor was included.
· A recent retrospective study suggested that T2-weighted MRI might allow better visualisation of the resection cavity while reducing the volume of the target.

Beams and arrangement:
· Employing single/multiple fraction(s) SRS dosing technique using 3-5 non-coplanar volumetric modulated arcs of flattening filter free (FFF) 6 MV photon beams.

Dose and fractionation:
· Adjusted according to the tumour size/volume and other clinical parameters, such as, number and site of lesion(s), dose to OARs, and previous radiotherapy.
· Prescribed to 100% isodose line conformally encompassing the PTV, ensuring: 
· 99% of the PTV is covered by 100% of the prescribed dose (D99PTV = 100%)
· RTOG CI100 between 1.00 and 2.00 (ideally as close to 1.00 as possible, consider hypofractionation if above 1.50)
· Minimum dose within PTV >95%
· Maximum dose ≥125% and ≤142.9% (contained within GTV)



Diameter based prescription:
	Site
	GTV Diameter (mm)
	Dose
	Reference

	Cerebrum/Cerebellum
	≤20
	18 – 24 Gy in 1#
	eviQ

	
	>20 to ≤ 30
	18 Gy in 1#*
	

	
	>30 to ≤40
	15-16 Gy in 1#*
	

	
	>20 to ≤40
	24-30 Gy in 3-5#s
	

	
	≤20
	20 (+/- 2) Gy in 1#
	TROG 

	
	>20 to ≤40
	24 Gy in 3#s
	

	Brainstem
	
	22-24 Gy in 3#s
	

	Site
	GTV Diameter (mm)
	Dose
	Reference

	Surgical Cavity
	≤20
	16-20 Gy in 1#
24-30 Gy in 3-5#s
	eviQ

	
	>20 to ≤ 30
	14-18Gy in 1#
24-30Gy in 3-5#s
	

	
	>30 to ≤50
	12-14Gy in 1#
25-40Gy in 5-10#s
	

	
	≤20
	20 (+/- 2) Gy in 1#
	TROG

	
	> 20 mm
	24 Gy in 3 #s
	



*Consider hypofractionation or staged/adaptive approach (see Section 13) to improve therapeutic ratio:
· For tumours ≤20 mm: lower prescription doses (for example, 18 Gy in a single fraction) are generally associated with excellent local control. For melanoma metastases, higher doses may be beneficial, with 90% local control associated with a single fraction dose of 23.4 Gy.
· For tumours >20 to ≤ 30 mm: dose of 18 Gy in a single fraction is associated with a local control rate of ~75%.
· For tumours >30 mm: dose of 15 Gy in a single fraction is associated with a local control rate of ~69%.

Volume based prescription:
	Site
	PTV (ml or cm3)
	Dose (1#)
	Reference

	Cerebrum/Cerebellum
	<4
	22 (+/- 2) Gy
	JLGKS

	
	4 – 10
	20 (+/- 2) Gy
	

	Brainstem
	<1
	20 Gy
	

	
	1 – 4
	18 Gy
	

	
	4 – 10
	16 Gy
	



OAR contouring:
· Lenses, eyes, optic apparatus (nerves & chiasm), brainstem, brain parenchyma, and spinal cord are contoured by RT’s and approved by RO’s.
· Contour other OAR’s where relevant due to location or previous radiotherapy.






OAR dose constraints:
	OAR
	Parameter
	Dose Constraints
	
Endpoint
	Reference

	
	
	1 Fraction
	3 Fractions
	5 Fractions
	
	

	
	
	Optimal
	Mandatory
	Optimal
	Mandatory
	Optimal
	Mandatory
	
	

	Brainstem

	D0.035cc
	10 Gy
	15 Gy
	18 Gy
	23.1 Gy
	23 Gy
	31 Gy
	G3+ CN neuropathy or myelitis
	 UK Consensus

	
	D0.3cc
	
	12 Gy
	
	21 Gy
	
	
	
	TROG 
Local HERO

	
	D0.5cc
	
	10 Gy
	
	15.9 Gy
	
	23 Gy
	
	TROG AVATAR

	Brainstem 
excl PTV
(for brainstem lesion)
	D0.3cc
	
	20 Gy
	
	24 Gy
	
	
	
	TROG
Local HERO

	Optic Apparatus
	D0.035cc
	8 Gy
	10 Gy‡
	15 Gy
	20 Gy‡
	22.5 Gy
	25 Gy‡
	<1% risk of RION
	UK Consensus
& HyTEC‡

	
	D0.2cc
	
	8 Gy
	
	15.3 Gy
	
	23 Gy
	
	TG101

	Brain incl PTV per target ^*#
	V10 Gy
	
	10cc
	
	
	
	
	
	QUANTEC

	
	V12 Gy
	
	5-10cc
	
	
	
	
	
	

	
	V12 Gy
	8.5cc
	
	
	
	
	
	Minnitiᴥ

	
	D10-15cc
	12 Gy
	
	
	
	
	
	
	UK Consensus 

	
	D20cc
	
	
	20 Gy
	
	24 Gy
	
	
	

	
	V12 Gy
	5cc: 10% 
10cc: 10-15%
20cc: 20%
	
	
	
	
	G2+ RN
	HyTEC

	
	V14 Gy
	5cc: 0.4%
10cc: 0.8%
20cc: 3.4%
	
	
	
	
	G3 RN 
	

	
	V20 Gy
	
	20cc: 10%
30cc: 20%
	
	
	Oedema/RN
	

	
	V23 Gy
	
	5cc: 0.4%
10cc: 0.8%
20cc: 3.4%
	
	
	G3 RN
	

	
	V24 Gy
	
	
	20cc: 10%
30cc: 20%
	Oedema/RN
	

	
	V29 Gy
	
	
	5cc: 0.4%
10cc: 0.8%
20cc: 3.4%
	G3 RN
	

	Cochlea
	Dmean
	9 Gy
	17.1 Gy
	25 Gy
	G3+ hearing loss
	UK Consensus 

	Lens
	D0.1cc
	1.5 Gy
	
	
	
	

	Eye
	D0.1cc
	8 Gy
	
	
	Retinopathy
	


‡Hy-TEC recommendations:
· Risk of neuropathy ≤1% with no prior radiation treatment. 
· Risk of neuropathy >10% with prior SRS or WBRT (although not accounting for dose-time factors).
^Hy-TEC recommendations:
· Risks of grade 3 necrosis are approximately 0.4%, 0.8%, and 3.4% for the total irradiated volumes (including target volume) receiving a single-fraction equivalent dose of 14 Gy (V14) of 5 cm3, 10 cm3, and 20 cm3 respectively. V14 of 20 cm3 would approximately correspond to a V23 in 3 fractions and V29 in 5 fractions using an alpha-beta ratio of 2.
· Risk of symptomatic necrosis with a V12 of 10 cm3 with single fraction SRS is in the order of 15%. However, the risk appears to be location dependent (and was not accounted for). With fractionated SRS, single-fraction equivalent V12 of 10 cm3 is associated with a ~5% to 10% risk of symptomatic necrosis.

*When treating 2 separate PTVs within 2 cm: limit the intervening tissue dose to 13 Gy for single fraction treatments. 

#Aim to limit uninvolved motor strip dose to 15 Gy for single fraction treatments.
ᴥMinniti et al (2020): 
· Prospective single institution study on the outcome of single-isocentre DCA single fraction SRS to > 10 metastases (total volume < 15cc) in 40 patients.
· At 11 months the RN (radiological and symptomatic) rate was 17.5% with estimated 1-year symptomatic RN rate of 9%. 
· The predictors of RN were individual target V12 > 8.5cc (NOT total V12) and lesion size >2cm.  

Target verification:
· Online kilovoltage imaging (KVI) with bone matching (ExacTrac system).
· At minimum: image prior to commencement of SRS delivery and after every couch rotation.
· Action thresholds:
	
	Ant/Post/Sup/Inf/Right/Left
	Rotation

	Initial imaging
	0 mm
	0

	During treatment
	+/- 0.7 mm
	+/- 0.5



Treatment sequencing:
· SRS delivery must commence within 48-96 hours of acquisition of the planning MRI.  
· Hypofractionated SRS must be delivered on consecutive days.
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· No significant cavity shrinkage is expected in waiting longer than the first 1 to 2 weeks following surgery to perform cavity SRS as the greatest volume change of the surgical cavity occurs immediately after surgery (postoperative days 0-3).
· Post-operative SRS to the surgical cavity should ideally be delivered within 4 weeks of surgical resection.
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· Radiation sensitising agents should not be offered concurrently to patients.
· Paucity of data regarding safety of SRS delivered concurrently with novel systemic agents.
· Ensure patient is off: 
· Chemotherapy for at least 7 days prior to receiving SRS.
· BRAF and MEK inhibitors for at least 1 day before and after receiving SRS.
· With mean elimination half-lives of ~26 days for nivolumab and pembrolizumab, temporarily stopping these agents for SRS delivery may not alter their systemic bioavailability. 
· SRS can be delivered concurrently with trastuzumab, endocrine treatment, and bisphosphonates; however, trastuzumab emtansine following SRS is associated with an increased risk of radionecrosis in patients with HER2 positive breast cancer.
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· Dexamethasone 4-8 mg PO stat before SRS delivery (in addition to baseline steroid requirement)
· Lorazepam 0.5 – 1.0 mg SL stat (for anxious patients)
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· SRS alone should be offered to patients with 1-4 unresected brain metastases, excluding small-cell carcinoma. 
· SRS alone should be offered to patients with 1-2 resected brain metastases if the surgical cavity can be safely treated and considering the extent of remaining intracranial disease.
· SRS, WBRT, and the combination of SRS plus WBRT are all reasonable options for patients with more than four unresected or more than two resected brain metastases and better performance status. SRS may be preferred for patients with better prognosis or where systemic therapy that is known to be active in the CNS is available. 
· Commonly used WBRT fractionation schemes in clinical trials are:
· 30 Gy in 10#s at 3 Gy/#, 1#/day, 10 #s/fortnight
· 37.5 Gy in 15#s, 2.5 Gy/#, 1#/day, 10 #s/fortnight
· However, 20 Gy in 5#s at 4 Gy/#, 1#/day, over 5 days may be preferable over the above fractionation schedules given similar clinical efficacy with lower EQD2 values enabling safer dose escalation in subsequent SRS treatments, if required.
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Where all known brain lesion(s) treated with SRS/WBRT/Surgery: 
· First post SRS follow up at 2 to 3 months with repeat MRI brain
· Thereafter, 3 monthly with repeat MRI brain

Where all known brain lesion(s) not treated with SRS/WBRT/Surgery:
· First post SRS follow up at 6 weeks with repeat MRI brain
· Thereafter, 2 to 3 monthly with repeat MRI brain
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To ensure timely planning and delivery of SRS to the patients, adherence to following workflow is recommended:

1. Radiation Oncologist 
· Obtains written consent where feasible; if not possible, then request for a pre-simulation consultation to be booked before CT simulation appointment.
· Checks availability of treatment appointment with SRS Radiation Therapist.
· Ready for Care (RFC) must be in by Wednesday mid-day for treatment to commence the week after if there is an available slot.
· Completes booking checklist and prescription.
· Requests planning MRI at the Medical Imaging Department on the available dedicated Radiation Oncology slot.
2. Radiation Oncologist or Radiation Oncology Registrar/Fellow
· Reviews planning MRI scan by 0930 hrs on the same day to confirm suitability to proceed with the mask-making and CT simulation.
· It is recommended that this scan is not utilised to assess the progress of intracranial disease but rather be used only for SRS planning purposes.
3. Radiation Oncologist needs to provide approved and reviewed contours by 1700 hrs on the same day for 1-3 fraction(s) course
4. Radiation Oncologist needs to approve SRS plan at least 24 hours prior to commencement of treatment
5. SRS to commence on Wednesday/Thursday of the same week for 1-3 fraction(s) course



Recommended timeline for SRS planning and delivery workflow
	
	1 fraction SRS
	3 fractions SRS
	5 factions SRS

	Planning MRI
	Mon – Wed AM
	Mon AM
	Fri AM

	Volumes completed and peer reviewed
	17:00 on the day of planning MRI
	Mon 17:00
	Fri 14:00

	Approve plan
	12-24 hours before commencement of treatment
	Tue 17:00
	Mon before 12:00

	Treatment commences
	Wed-Fri (48-60 hours post MRI)
	Wed PM (48-60 hours post MRI)
	Mon PM (~80 hours post MRI)



Workflow for changing from SRS to WBRT or Hippocampal Avoidance (HA)-WBRT
In instances where SRS is found to be no longer suitable after the planning MRI is reviewed, the following workflow is recommended:

1. Radiation Oncologist
· Liaises with SRS RT to ensure resources and appointments are available for the change in technique/additional fractions required.
· Discuss the change in management with the patient and reconsent, if required. 
· Expect treatment to commence 2-3 days for WBRT and 3-4 days for HA-WBRT at the earliest depending on availability of machine/resources 
2. SRS Radiation Therapist
· Inform CT and planning seniors of the change in management.
· Cancel SRS treatments and care-path.
· Create appropriate care-path.
· Inform Head of Treatment if there are issues with booking additional fractions.
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In patients with asymptomatic brain metastases, local therapy may be deferred until there is evidence of intracranial progression in specific circumstances where following systemic agents are offered:
· Osimertinib or icotinib in EGFR-mutant NSCLC.
· Alectinib, brigatinib or ceritinib in ALK-rearranged NSCLC.
· Pembrolizumab in immunotherapy-naïve PD-L1 expressing NSCLC who are also receiving pemetrexed and a platinum agent.
· Ipilimumab plus nivolumab in melanoma (regardless of BRAF status).
· Dabrafenib plus trametinib in BRAF-V600E mutant melanoma.
· Combination of tucatinib, trastuzumab, and capecitabine in HER2-positive breast cancer who progressed on previous trastuzumab, pertuzumab, and/or trastuzumab emtansine-based therapy.

Patients with symptomatic and asymptomatic (other than the specific circumstances mentioned above) brain metastases should be offered local therapy regardless of the systemic therapy currently being used.
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For larger brain metastasis (≥4 to 15 cc in volume or ≥2-4 cm in diameter), instead of hypofractionation, a staged/adaptive approach could also be considered, as follows:

Two-staged SRS
· Total dose equalling 30 Gy in 2 fractions
· Fraction 1: 15 Gy (range 10-21 Gy)  4 weeks interval  resim/replan and fraction 2: 15 Gy (10-18 Gy)

Three-staged SRS
· Total dose equalling 30 Gy in 30 fractions
· Fraction 1: 10 Gy  2 weeks interval  resim/replan and fraction 2: 10 Gy  2 weeks interval  resim/replan and fraction 3: 10 Gy
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Outcome
· Consistency in the treatment of Stereotactic Radiosurgery for definitive and postoperative brain metastasis(es) across all patients receiving this treatment at CHS

Measures
· Review of feedback from Radiation Oncologist group at monthly Stereotactic meetings
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Policies
· Informed Consent- Clinical

Procedures
· Patient Identification and Procedure Matching
· Infection Prevention and Control
· Clinical Handover 
· Clinical Records Management 
· Aseptic Technique.

Legislation
Health Records (Privacy and Access) Act 1997
Human Rights Act 2004
Work Health and Safety Act 2011
Carers Recognition Act 2021
Radiation Protection Act 2006 (Australian Capital Territory). Available at http://www.legislation.act.gov.au/a/2006-33/ 

Other
· Australian Charter of Healthcare Rights.
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Disclaimer: This document has been developed by Canberra Health Services specifically for its own use.  Use of this document and any reliance on the information contained therein by any third party is at his or her own risk and Canberra Health Services assumes no responsibility whatsoever.
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