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2. GLOSSARY 

 

3D-CTV 3D-Clinical Target Volume 
 
4D-CTV 4D-Clinical Target Volume 
 
BD  Twice Daily 
 
CT  Computed Tomography 
 
DVH  Dose Volume Histogram 
 
EBUS  Endobronchial Ultrasound 
 
EPI  Electronic Portal Imaging 
 
GTV  Gross Tumour Volume 
 
ICRU  International Commission on Radiation Units and Measurements 
 
IMRT  Intensity Modulated Radiotherapy 
 
KV  Kilovoltage 
 
MDT  Multi-Disciplinary Team 
 
MV  Megavoltage 
 
NAL  No Action Level 
 
NSCLC Non-Small Cell Lung Cancer 
 
OAR  Organs at Risk 
 
PET  Positron Emission Tomography 
 
PTV  Planning Target Volume 
 
PRV  Planning Organ at Risk Volume 
 
QA  Quality Assurance 
 
RTTQA Radiotherapy Trials Quality Assurance 
 
SABR  Stereotactic Ablative Radiotherapy 
 
SRS  Stereotactic Radiosurgery 
 
 
TPS  Treatment Planning System 
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3. FOREWORD 

 

This document describes the RT and QA processes for the SARON trial. When used in 

conjunction with the main trial protocol it provides all the information necessary for entering 

patients into the trial.  

 

This document should not be used as a guide for the treatment of patients outside of the 

SARON trial.  

 

Every care has been taken in drafting these guidelines but corrections or amendments may 

be necessary. These will be circulated to Investigators in the trial, but centres entering 

patients for the first time are advised to contact the UCL Cancer Trials Centre to confirm they 

have the most recent and approved version.  

 



 

SARON Radiotherapy planning & delivery guidelines 

v2.0  9 | P a g e  
 

4. DETAILS OF AMENDMENTS TO THE SARON RT AND 
QA GUIDELINES 

 

Version 
no. 

Date Section (no./title) Summary of main changes from 
previous version 
 

2.0 09/10/2017 5. RADIOTHERAPY 
QUALITY ASSURANCE 
(QA) PROGRAMME 
 

Benchmark Cases: Clarification to 
requirements for site activation.  

5.2. On Trial QA Prospective Review: Clarification to 
prospective require requirements.  

8.5.6. Skin Addition skin OAR Delineation Guidelines 

9.2.3. Other OAR Dose 
Constraints   

Addition of OAR Delineation Guidelines for 
the heart, spinal canal and brachial plexus 
for 55Gy in 20 fractions.  

11.1. CNS Dose 
Constraints 

CNS Dose Constraints table added.  

11.3.11.2. 
Gastrointestinal 
Constraints 

Inclusion of rectum constraints.  

13.1. Generic guidance Clarification to wording for CT contrast 
agents.  

13.2.1. Technical 
Specification 

On Treatment Imaging: Clarification to 
requirements for on treatment imaging.  

13.2.4. SABR Dose and 
Fractionation Options for 
Eligible Lung Primaries 
and Lung Metastases 

Removal of Lung-GTV* 
V20 (%) from Table 1: Dose Conformity 
Requirements.  

13.3.2. Organs at Risk 
(OAR) Outlining and 
Constraints 

The following organs should be outlined for 
brain treatments: Addition of Lens and 
Orbit.  

13.3.3. Dose and 
Fractionation Options for 
Brain Metastases 

Inclusion of Dose and Fractionation Options 
for Brain Metastases; Brain met size is in the 
protocol i.e. no more than 3cm for first met 
and no more than 2 cm for second met. 
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5. RADIOTHERAPY QUALITY ASSURANCE (QA) 
PROGRAMME 

5.1. Pre-Trial QA 

● Facility Questionnaire: general and trial specific questions on equipment, software 

and techniques to be used for the trial. The facility questionnaire needs to be updated 

should a centre change a previously approved technique (e.g. IMRT / VMAT / FFF). 

 

● Process Document to be completed and reviewed to ensure protocol compliance. 

This should detail all procedures within the patient pathway and must be resubmitted 

should the pathway change at any point in the trial. The process document template 

can be downloaded from the RTTQA website http://www.rttrialsqa.org.uk/rttqa/  

 

● Dosimetry Audit: 

 

○ Primary Tumour may be treated using 3DCRT, IMRT, VMAT (conventional or 

SABR). Whichever technique is used, the treating centre must be QA approved 

to use these for trials. In the case of 3DCRT, IMRT and VMAT, previous trial 

accreditation is valid (e.g. I-START, ISOTOXIC, IDEAL-CRT, ADSCAN). 

Centres wishing to use SABR techniques to treat the primary must complete 

the UK SABR Lung Audit. 

 

○ Oligometastases: The UK SABR Consortium Lung Audit must be successfully 

completed by the participating centre prior to site activation. Further dosimetry 

audits (e.g. Brain SRS) will be implemented during the trial and should be 

completed when practical. 

 

o Benchmark cases: Participating centres are required to complete benchmark 

cases; by each clinician for each anatomical site they intend to treat. Individual 

CT data sets for contouring and planning will be provided. Centres must have 

the appropriate QA approval for the techniques used to treat the primary lung 

tumours. Previous trials or CtE accreditation is valid for the SARON trial. At 

least three oligometastatic benchmark cases must be completed and approved 

before the centre is given pre-trial QA approval. Activation* of the site will only 

occur if 3 anatomical sites are QA approved for SABR, and the participating 

centre is committed to completing the QA for the remaining anatomical sites 

required for the trial or all anatomical sites can be achieved via transfer of 

patients to another active SARON site that has the relevant QA in place. These 

sites must also confirm that patients with metastases in the anatomical areas 

not QA approved at the time of site activation will not be approached for the 

study until all QA for that anatomical site has been completed. 

To note - sites that do not intend to complete all QA for anatomical sites and 

always intend to send their patients to another site(s) for some aspect of SABR 

treatment, can only be activated once the receiving centre is open. 

 
*English sites only. Sites in devolved nations can be activated with less than 3 anatomical sites (subject to 
the CI and UCL CTC approval) 

http://www.rttrialsqa.org.uk/rttqa/
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●  For other sites allowed by the trial, additional benchmarks cases must be completed 

and approved before patients are treated in these sites.  

  

5.2. On Trial QA 

 

● Prospective review will be performed on the first patient recruited for each anatomical 

site for each clinician from each centre, unless QA has already been completed for CtE 

or another SABR RTTQA trial QA programme. The review should assess the protocol 

compliance of the outlining for each clinician and treatment planning for each 

anatomical sites and must be completed before the patient commences treatment. The 

primary lung tumour only needs to be reviewed if the centre is using a technique for 

which they have not been previously accredited. 

 

● Data Collection for all patients treated in the trial. For each patient this must include 

radiotherapy planning imaging (including 4DCT data from all phases where 

appropriate), contours, plans and total dose cubes. All data must be appropriately 

anonymised.  
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SECTION A: Non-SABR 

RADIOTHERAPY PLANNING AND 

DELIVERY GUIDELINES
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6. PATIENT SET-UP FOR PLANNING AND TREATMENT 

6.1. Planning and Treatment Position 

 

Patients should be positioned identically for both planning and treatment, according to local 

practice. External immobilisation devices should be used where needed, given the intended 

imaging (e.g. extended wing board, vacuum bag). Treatment set-up should be by reference 

to tattoos on reproducibly stable areas of skin, and to bony anatomical landmarks. The 

tattoos should be applied at the time of planning scan acquisition. 

6.2. On-Treatment Set-Up Verification 

 

Use of other systems designed to minimise variation in patient set-up (e.g. Align RT) are 

strongly encouraged. CBCT with online correction is strongly encouraged where clinically 

available, otherwise 3-5 images initially then once or twice weekly imaging and on- or off-

line correction are acceptable. Imaging should be used to confirm the accuracy of treatment 

to within 5mm. If a discrepancy of ≥5mm is noted the set-up should be adjusted according 

to local practice, for example using a no action level (NAL) protocol. 
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7. PATIENT DATA ACQUISITION 

7.1. The Planning CT Scan 

 

A planning CT scan should be performed with the patient breathing normally and positioned 

as in the previous section. The use of IV contrast to aid target definition is strongly 

encouraged. The planning CT scan should have a slice thickness no greater than 3mm. The 

use of 4DCT or an appropriate motion management solution is strongly recommended to 

account for tumour motion during the breathing cycle. An average intensity projection may 

be used in place of a 3D planning scan for dose calculation. 
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8. CONFORMAL RADIOTHERAPY TARGET DELINEATION 

 

To account for tumour motion during the breathing cycle 4DCT (or an appropriate motion 

management solution) should be used to define the following target volumes. The target 

definitions used for the SARON Study conform to the principles of ICRU 50 [1] and the 

supplement ICRU 62 [2]. 

 

[3] 

Figure 1: ICRU 50 / 62 Volume Definitions 

8.1. Gross Tumour Volume (GTV) 

 

The GTV will be segmented using all available information from bronchoscopy, EBUS, 

mediastinoscopy, and thoracotomy if performed. In addition, information from the staging 

PET / PET-CT and CT scans must be available to aid target definition. Direct involvement 

of or dialogue with a specialist thoracic radiologist is encouraged. 

 

The GTV is defined as the primary tumour mass and any involved lymph nodes. Each should 

be segmented using the appropriate CT windows. In the absence of direct evidence of nodal 

involvement from mediastinoscopy or EBUS, lymph nodes are judged to be involved if their 

short axis on CT is >10mm, if they are positive on PET / PET-CT, or if their appearance is 

suggestive of malignant involvement as judged by the clinician or specialist MDT thoracic 

radiologist. All non-continuous lesions comprising the GTV, i.e. primary tumour and lymph 

nodes, shall be segmented separately. 
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8.2. Clinical Target Volume (CTV) 

 

The Clinical Target Volume (CTV) is generated by expansion of both the primary tumour and 

lymph node GTVs by a margin of 5mm. There will be no elective nodal irradiation. 

 

Manual editing of the CTV margin is allowed to account for anatomical barriers to spread. 

 

8.3. Internal Target Volume (ITV) 

ICRU Report 62 defines the volume formed by the CTV and the internal motion (IM) as the 

internal target volume (ITV). Therefore, the ITV is the envelope of the CTV for all phases of 

the breathing cycle (see Figure 1 above). The ITV can be created using several different 

techniques. One technique is to create the union of GTVs manually delineated on several 

phases of the 4DCT dataset. An alternative technique is too delineate the tumour on a single 

image that displays the full tumour motion - the maximum intensity projection (MIP) 

technique [4, 5]. Once the motion adapted GTV has been outlined a CTV margin of 5mm 

should be added to create the ITV. 

8.4. Planning Target Volume (PTV) 

 

The PTV is generated by adding a margin to the ITV. This margin will be centre dependent 

but the minimum margin that should be added is: 

 

Superiorly: 5 mm 

Inferiorly: 5 mm 

Axially: 5 mm 

 

Manual editing of the PTV is not permitted. 

8.5. Organ at Risk (OAR) Delineation Guidelines 

 

The following organs at risk should be segmented: 
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8.5.1. Lungs 

 

Normal lung will consist of both lungs contoured as one structure (including all inflated and 

collapsed regions of lung), contoured on lung windows, considered together as one organ, 

minus the GTV. 

8.5.2. Heart / Pericardium 

 

The heart will be contoured along with the pericardial sac using mediastinal windowing. The 

superior aspect for the purpose of contouring is defined as the superior aspect of the 

pulmonary artery (as seen on coronal reconstruction of the CT) and the caudal border should 

be defined by the lowest part of the left ventricle's inferior wall that is distinguishable from 

the liver. 

8.5.3. Spinal Canal 

 

The spinal canal will be contoured at least 10 cm superiorly and inferiorly to the extent of the 

PTV and taken to represent the cord. 

8.5.4. Brachial Plexus 

 

Patients with tumours located in the vicinity of the lung apices should have their brachial 

plexus segmented as an organ at risk. Only the ipsilateral brachial plexus is required unless 

the tumour is centrally located in which case both brachial plexi may get high doses therefore 

should be segmented separately (further details are given in Appendix 1). 

8.5.5. Oesophagus 

 

The entire oesophagus should be segmented as a solid organ from the lower border of the 

cricoid cartilage to the gastro-oesophageal junction using mediastinal windowing. 

 

8.5.6. Skin 

Defined as 0.5 cm inner rind of body contour contoured if adjacent to PTV and in regions 
receiving more than 10Gy.  
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8.5.7. Stomach / Liver / Small Bowel 

 

For lower lobe tumours it may be necessary to contour the stomach/small bowel and/or liver 

PARTICULARLY if non-coplanar beams are used in the treatment plan. Please contact 

RTTQA if these OARs are close to local tolerances. 

8.5.8. Trachea 

 

For patients who will be having concurrent SABR to the lung the trachea will be contoured 

using lung and mediastinal windows on CT to correspond to the mucosal, submucosa and 

cartilage rings and airway channels associated with these structures. 

 

Contouring of the proximal trachea should begin at least 10cm superior to the extent of the 

PTV or 5cm superior to the carina (whichever is more superior) and continue inferiorly to the 

superior aspect of the proximal bronchial tree. 

8.5.9. Bronchus 

 

For patients who will be having concurrent SABR to the lung the proximal bronchial tree will 

be contoured using lung and mediastinal windows on CT to correspond to the mucosal, 

submucosa and cartilage rings and airway channels associated with these structures. 

 

The proximal bronchial tree will include the most inferior 2cm of distal trachea and the 

proximal airways on both sides.  The following airways will be included according to standard 

anatomical relationships: the distal 2cm of trachea, the carina, the right and left mainstem 

bronchi, the right and left upper lobe bronchi, the intermedius bronchus, the right middle lobe 

bronchus, the lingular bronchus, and the right and left lower lobe bronchi.   

 

Contouring of the lobar bronchi will end immediately at the site of a segmental bifurcation.   

8.5.10. Great Vessels 

 

For patients who will be having concurrent SABR to the lung it may also be necessary to 

outline the great vessels within the mediastinum. 
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9. NON-SABR RADIOTHERAPY PLANNING 

 

3D conformal RT planning should be performed with inhomogeneity correction. The use of 

'type-b' superposition-convolution algorithms (e.g. Pinnacle and Oncentra Master Plan 

collapsed cone algorithms, or the Eclipse AAA algorithm) or Monte Carlo – based 

algorithms (e.g. Monaco or Eclipse Acuros) is mandated as these algorithms calculate lung 

and tumour doses more accurately than older 'type-a' algorithms. If you are unsure whether 

your dose calculation algorithm is appropriate for use in this trial, please contact RTTQA. 

 

3-5 fields should typically be used, with photon energies ranging from 5-8MV. The use of 

individual higher energy beams and non-coplanar beams is permitted. 

 

9.1. IMRT 

 

IMRT techniques are encouraged for use in the study.  It is suggested that 5 or more 

fields should be used in an IMRT plan to avoid creating hot-spots in normal tissue. 

Alternatively, an arc technique or ‘hybrid arc’ (arc with 2 or 3 additional static fields) may be 

used. 

 

Using the recommended IMRT techniques for the trial it is expected that: 

 

 High dose (≥ 90% of prescription dose) regions of lung (V90%) and lung hot- spot 

doses are no greater for IMRT plans than for conformal RT indicating that IMRT is no 

more likely to damage major airways and blood vessels than is conformal RT. 

 4DCT will be used for simulation and generation of volumes and margins, unless it 

can be demonstrated that movement of the tumour is minimal (< 10 mm). If 4DCT is 

not used, fluoroscopy images should be acquired to quantify the amount of tumour 

movement. 

 

Consequently, for IMRT planning, the following dose/volume limits are set: 

 

 An additional volume ‘whole lung – PTV’ should be generated in the TPS. 

 No part of the lung volume outside the PTV (i.e. ‘whole lung – PTV’) shall receive 

>107% of the prescribed dose.  Furthermore, the fractional volume of the ‘whole 
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lung-PTV’ receiving more than 105% of the prescribed dose shall be <1%. 

 V90% will be held at approximately the level of an equivalent 3D conformal plan. 

 All other current dose volume guidelines are applicable to both conformal and IMRT 

techniques. 

 

If the tumour motion shown on the 4DCT planning scan is greater than 15mm consideration 

should be given to either reducing the motion to less than 15mm or planning the patient with 

conformal beams. 

9.2. Dose Volume Guidelines 

9.2.1. Target Coverage 

 

The dose prescribed to the ICRU reference point (or mean tumour dose) will be in the range 

of 50-55Gy in 20 fractions or 60--64Gy in 2Gy fractions. When assessing tumour coverage, it 

should be noted that the dose in airways and adjacent to lung is reduced because of dose 

build-up. With a Type B algorithm lateral electron transport is more accurately modelled than 

with a simpler pencil beam algorithm. This can make conforming dose to the PTV more 

difficult and it is therefore accepted that achieving 95% prescribed dose coverage of the 

PTV may not be possible even with the recommended 5mm margin. Thus, when using Type 

B planning algorithms the planner should aim to achieve the best possible PTV coverage, 

accepting that this may not be entirely within the 95% isodose. Coverage of 98-99% of the 

PTV by the 90% isodose should be achievable. 

 

Site Description Dose / # Overall Time 

Lung Primary Not suitable for SABR 

 

50-55Gy / 20# 

OR 

60-64Gy / 30-32# 

 

4 weeks 

OR 

6-6.4 weeks 

 

9.2.2. Lung Dose Constraints 

 

Centres will be expected to use their local lung dose constraints. The values below are for 

2Gy# guidance only: 

V18 (Volume receiving 18Gy)  < 35% (55Gy / 20#) 

V20     < 25 – 35% 

Mean Lung Dose   <  22Gy 
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9.2.3. Other OAR Dose Constraints 

For 60-64Gy in 30-32 fractions 

OAR Constraint Limit 

Heart 

D100% < 44Gy 

D67% < 52Gy 

D33% < 59Gy 

Spinal canal DMax (0.1cc) < 47Gy 

Brachial plexus 
D30% (of each) < 60Gy 

DMax (0.1cc) < 65Gy 

 

For 55Gy in 20 fractions 

OAR Constraint Limit 

Heart 

D100% < 40Gy 

D67% < 47.5Gy 

D33% < 54Gy 

Spinal canal DMax (0.1cc) < 41.5Gy 

Brachial plexus 
D30% (of each) < 54Gy 

DMax (0.1cc) < 56Gy 

 

D100% = Dose to 100% of the volume 

 DMax (0.1cc) = Dose to 0.1cc of the volume 

 

If brachial plexus dose is not achievable then the patient is not eligible to participate 

in the study. 
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10. RADIOTHERAPY SCHEDULE 

 

The radiotherapy dose will be delivered in 20 once daily fractions over 4 weeks or 30-32 once 

daily fractions over 6 – 6.4 weeks. If possible, the radiotherapy course should start on a 

Monday, to keep overall treatment time to a minimum. 

 

After unavoidable gaps in treatment or in anticipation of planned gaps in treatment, twice-

daily fractionation with at least a 6 hour gap is allowed twice a week for up to two weeks 

(hyper-fractionation is never allowed on the same day as chemotherapy delivery).   
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SECTION B: STEREOTACTIC 

RADIOTHERAPY PLANNING AND 

DELIVERY GUIDELINES 



 

 

11. SABR DOSE CONSTRAINTS (UK CONSENSUS)[6] 

For serial organs, constraints are described as the maximum volume of the organ that 

can receive a threshold dose or more. 

 

 e.g. The volume of small bowel receiving a dose of 25.2Gy or more should be 

less than 5 cc (D5cc<25.2Gy) 

 

For parallel organs such as the liver, kidneys and lungs, the constraints may be 

described as a maximum percentage volume of the organ receiving a threshold dose 

or more: 

  

 e.g. the volume of lung receiving a dose of 20Gy or more should be less than 

10% of the total lung volume (V20Gy<10%).  

 

Alternatively, the constraint may be described as a minimum critical volume of the 

organ which must be spared from receiving a threshold dose (or more) e.g. at least 

200cc of kidney should receive a dose of 16Gy or less (dose to ≥200cc ≤ 16Gy). 

11.1. CNS Dose Constraints 

 Description 

C
o
n
s
tra

in
t 

1 Fraction 3 Fractions 5 Fractions 8 Fractions 

O
p
tim

a
l 

M
a
n

d
a
to

ry
 

O
p
tim

a
l 

M
a
n

d

a
to

ry
 

O
p
tim

a
l 

M
a
n

d

a
to

ry
 

O
p
tim

a
l 

M
a
n

d

a
to

ry
 

(Gy
) 

(Gy
) 

(Gy
) 

(Gy
)  

(Gy
) 

(Gy
)  

(Gy
) 

(Gy
) 

Optic 
pathway 

DMax (0.1 
cc) 

- < 8 - < 15 - < 22.5 - - 

Cochlea Mean < 4 < 9 - < 17.1 - < 25 - - 

Brainstem 
(not 

medulla) 

DMax (0.1 
cc) 

< 10 < 15 < 18 < 23.1 < 23 < 31 - - 

Spinal 
canal* (inc. 
medulla) 

DMax (0.1 
cc) 

< 10 < 14 < 18 < 21.9 < 23 < 30 < 25 < 32 

  D1 cc < 7 - < 12.3 - < 14.5 - - - 

Cauda 
equina & 

sacral 
plexus 

DMax (0.1 
cc) 

- < 16 - < 24 - < 32 - - 

  D5 cc - < 14 - < 22 - < 30 - - 

Normal 
Brain 

(Whole 
Brain - 
GTV) 

D10 cc < 12 - - - - - - - 

  D50% < 5 - - - - - - - 

Lens 
DMax (0.1 

cc) 
< 1.5 - - - - - - - 

Orbit 
DMax (0.1 

cc) 
< 8 - - - - - - - 
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*for treatment of the spine, these constraints should be applied to cord PRV 

11.2. Gastrointestinal Constraints 

Description Constraint 
3 fractions 5 fractions 

Optimal Mandatory Optimal Mandatory 

  DMax (0.5 cc) - <  22.2Gy - < 35Gy 

Duodenum D1 cc - - < 33Gy - 

  D5 cc - <  16.5Gy < 25Gy - 

  D9 cc - - < 15Gy - 

  D10 cc - < 11.4Gy - < 25Gy 

  DMax (0.5 cc) - <  22.2Gy < 33Gy < 35Gy 

  D5 cc - - < 25Gy - 

Stomach D10 cc - <  16.5Gy - < 25Gy 

  D50 cc - - < 12Gy - 

Small  DMax (0.5 cc) - <  25.2Gy < 30Gy < 35Gy 

Bowel D5 cc - <  17.7Gy < 25Gy - 

  D10 cc - - - < 25Gy 

Common Bile 
Duct 

DMax (0.5 cc) < 50Gy - < 50Gy - 

Oesophagus DMax (0.5 cc) - < 25.2Gy < 32Gy 
< 34Gy (<40 Gy 
for 8 fractions) 

Large Bowel DMax (0.5 cc) - < 28.2Gy - < 32Gy 

Rectum DMax (0.5 cc) - <28.2Gy - <32Gy 

Parallel GI organs 

Normal Liver  V10 Gy - - < 70% - 

(Liver minus 
GTV) 

Mean dose - - < 13Gy < 15.2Gy 

  D50% < 15Gy - - - 

  Dose to ≥700 cc < 15Gy < 19.2Gy - - 

Kidneys 
(individual 

and 
combined) 

Mean dose - - < 10Gy - 

  Dose to ≥200 cc* - < 16Gy - - 

If solitary 
kidney or if 
one kidney 
mean dose 

>10Gy  

V10 Gy - - < 10% < 45% 

 

* If total kidney volume <200cc, or treating adrenal lesions, then total dose to contralateral 

kidney should be <16Gy and minimise spillage into ipsilateral kidney if possible.  



 

SARON Radiotherapy planning & delivery guidelines 

v2.0  26 | P a g e  
 

11.3. Skin and Femoral Head 

Description Constraint 3 fractions 5 fractions 

    Optimal (Gy) Optimal (Gy) 

Skin DMax (0.5 cc) < 33 < 39.5 

  D10 cc  < 30 < 36.5 

Femoral Head D10 cc < 21.9  < 30 

 

11.4. Thoracic Constraints 

 

Description  

C
o

n
s

tra
in

t 

3 Fractions 5 Fractions 8 Fractions 

Optimal Mandatory Optimal Mandatory Optimal Mandatory 

Brachial Plexus 
DMax 

(0.5 cc) 
< 24Gy < 26Gy < 27Gy < 29Gy < 27Gy < 38Gy 

Heart 
DMax 

(0.5 cc) 
< 24Gy < 26Gy < 27Gy < 29Gy < 50Gy < 60Gy 

Trachea and 
bronchus 

DMax 
(0.5 cc) 

< 30Gy < 32Gy < 32Gy < 35Gy < 32Gy < 44Gy 

Normal Lungs*  
(Lungs-GTV) 

V20 Gy - < 10% - < 10% - < 10% 

Chest  
DMax 

(0.5 cc) 
< 37Gy - < 39Gy - < 39Gy - 

Wall D30 cc < 30Gy - < 32Gy - < 35Gy - 

Great Vessels 
DMax 

(0.5 cc) 
- < 45Gy - < 53Gy - - 

See section 13.2.4 for details regarding V20Gy constraints   



 

SARON Radiotherapy planning & delivery guidelines 

v2.0  27 | P a g e  
 

11.5. General Pelvic Dose Constraints  

 

    3 Fractions 5 Fractions 

 Description Constraint Optimal Mandatory  Optimal  Mandatory  

     (Gy) (Gy) (Gy) (Gy) 

Bladder D15 cc - < 16.8 - < 18.3 

  
DMax 
(0.5cc) 

- < 28.2 - < 38 

Penile Bulb D3 cc - < 21.9 - < 30 

  
DMax 
(0.5cc) 

- < 42 - < 50 

Ureter 
DMax 
(0.5cc) 

- < 40 - < 45 
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12. SABR OAR DELINEATION GUIDELINES 

 

Further guidance on delineation, including organs not listed below, can be found in the 

online Radiation Therapy Oncology Group (RTOG) normal tissue atlases, available at: 

https://www.rtog.org/CoreLab/ContouringAtlases.aspx 

12.1. Lung Primaries and Metastases 

12.1.1. Lungs 

 

 Normal lung will consist of both lungs contoured as one structure (including all 

inflated and collapsed regions of lung), contoured on lung windows, 

considered together as one organ, minus the GTV. 

12.1.2. Proximal Trachea 

 

 Contouring of the proximal trachea should begin at least 10 cm superior to the 

extent of the PTV or 5 cm superior to the carina (whichever is more superior) 

and continue inferiorly to the superior aspect of the proximal bronchial tree. 

12.1.3. Proximal Bronchial Tree 

 

 The proximal bronchial tree will include the most inferior 2 cm of distal trachea 

and the proximal airways on both sides. The following airways will be included 

according to standard anatomical relationships: the distal 2 cm of trachea, the 

carina, the right and left main stem bronchi, the right and left upper lobe 

bronchi, the intermedius bronchus, the right middle lobe bronchus, the lingular 

bronchus, and the right and left lower lobe bronchi. Contouring of the lobar 

bronchi will end immediately at the site of a segmental bifurcation. 

https://www.rtog.org/CoreLab/ContouringAtlases.aspx
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Figure 2: Proximal Bronchial Tree and The Zone Within Which 8 Fraction Treatment Should Be Given. 

12.1.4. Proximal Bronchial Tree Plus 2cm 

 

 An artificial structure 2 cm larger in all directions from the proximal bronchial 

tree should be created. If part of the GTV falls within this artificial structure it is 

not considered to be peripheral and the patient should NOT be treated with 

lung SABR using the 3 to 5 fraction schedules. These patients need to be 

treated with 8 fractions. 

12.1.5. Spinal Canal 

 

 The spinal canal will be contoured at least 10 cm superiorly and inferiorly to 

the extent of the PTV and taken to represent the cord (spinal PRV).  

12.1.6. Oesophagus 

 

 The oesophagus should be contoured from the cricoid cartilage to the gastro-

oesophageal junction using mediastinal windowing.   
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12.1.7. Heart 

 

 The heart will be contoured along with the pericardial sac using mediastinal 

windowing. The superior aspect for the purpose of contouring is defined as the 

superior aspect of the pulmonary artery (as seen on coronal reconstruction of 

the CT) and the caudal border should be defined by the lowest part of the left 

ventricle's inferior wall that is distinguishable from the liver.  

12.1.8. Brachial Plexus 

 

 For treatment of lesions other than those in the lower lobes, the major trunks 

of the ispsilateral brachial plexus will be contoured by using the subclavian and 

axillary vessels as a surrogate for identifying the location of the plexus on head 

and neck windowing. These vessels will be contoured from the bifurcation of 

the brachiocephalic trunk into the jugular/subclavian veins (or 

carotid/subclavian arteries), following along the route of the subclavian vein to 

the axillary vein and ending after the neurovascular structures cross the 2nd 

rib. 

12.1.9. Liver 

 

 For lower lobe tumours, at least 1000cc of liver (superior portion) must be 

outlined. 

12.1.10. Chest Wall (optional) 

 

 The chest wall will be defined as the 2 cm rind of the ipsilateral hemi-thorax 

outside the lungs and contoured at least 5 cm above and below the PTV.
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12.2. Liver and Adrenal Metastases 

12.2.1. Normal Liver 

 

 The normal liver is defined as the portion of liver not radiographically involved by gross 

tumour. (Liver volume minus GTV). It is required that there is at least 700cc of normal 

liver. 

12.2.2. Kidneys 

 

 Both kidneys will be contoured separately. A combined right and left kidney volume 

structure should also be formed. 

12.2.3. Lower oesophagus / Stomach 

 

 The lower oesophagus, gastro-oesophageal junction and stomach should be 

contoured to the duodenum using mediastinal windowing. 

12.2.4. Duodenum and Small Bowel 

 

 Duodenum and small bowel (jejunum/ileum) will be contoured as separate structures 

to include the mucosal bowel wall and all luminal contents. Individual loops of small 

bowel should be outlined on all slices from 2 cm above to 2 cm below the PTV for co-

planar beam arrangements, not including colon and duodenum.  If non-coplanar beams 

are used, bowel should be contoured 10-15cm cranially and caudally from the PTV. 

12.2.5. Spinal Canal 

 

 The spinal canal will be contoured at least 10 cm superiorly and inferiorly to the extent 

of the PTV and taken to represent the cord.  A centre dependent margin will be added 

to create the PRV dependent on immobilization technique. Typically this ranges 

between 3 – 5mm and is different to cord contouring for spinal SABR when the cord 

should be outlined directly and a margin of 1 – 2mm might be used.  
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12.2.6. Heart  

 

 The heart will be contoured along with the pericardial sac using mediastinal windowing. 

The superior aspect for the purpose of contouring is defined as the superior aspect of 

the pulmonary artery (as seen on coronal reconstruction of the CT) and the caudal 

border should be defined by the lowest part of the left ventricle's inferior wall that is 

distinguishable from the liver. 

 Only parts of the heart within 10cm of the PTV require outlining. 

12.2.7. Lungs 

 

 Normal lung will consist of both lungs contoured as one structure. 

 The entire lungs do not need contouring for each abdominal SABR case. 

12.2.8. Chest Wall (optional) 

 

 The chest wall will be defined as the 2 cm rind of the ipsilateral hemi-thorax outside 

the lungs and contoured at least 5 cm above and below the PTV. 
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13. SITE SPECIFIC SABR GUIDELINES 

13.1. Generic guidance 

 Pre-treatment imaging: A 3DCT dataset with in-plane voxel size of preferably ≤1mm 

(up to 1.4mm acceptable where larger field of view is required) and slice thickness as 

specified in the following sections should be used as the planning scan. If deemed 

necessary, CT contrast agents should be administered with appropriate consideration 

of CT number for planning contrast affected CT numbers should be overridden. 

 

 Treatment prescription: The treatment plan should deliver the prescribed dose to at 

least 95% of the PTV (D95%>100%), although this may need to be compromised if 

organ at risk dose constraints cannot be attained. Maximum dose should be within 

145% (of the prescribed dose) and be located within the GTV, although in some cases 

lower values will be achievable. This is equivalent to prescribing to approximately the 

70-95% isodose (relative to the maximum). 

 

 Treatment planning: A Type B or Monte Carlo algorithm is mandatory for lung patients 

and preferred for all other indications. Dose grid resolution on the final dose calculation 

must be ≤2mm. Dose constraints, which are specified for each site, should be 

achieved for all patients. 

 

 Treatment delivery: An end-to-end test of the co-incidence of radiation delivery to a 

rigid static phantom using image guidance and couch correction should be shown to 

be ≤2mm. 

 

 For patients with two or more sites for SABR treatment whose dosimetry impacts on 

the same organ, the total combined dose to this organ(s) must be within the constraints 

listed above. The assessment of this feature will often require that a single planning 

CT is performed for all the SABR treatments involved.
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13.2. SABR for Lung Primaries and Lung Metastases 

13.2.1. Technical Specification: 

 

 Patient preparation, immobilisation and positioning: Patients should be supine 

and positioned to aid comfort, setup and reproducibility. Vacuum bags or thermoplastic 

shells should be considered where appropriate. 

 

 Pre-treatment Imaging (including tumour motion management): Where tracking is 

unavailable the full extent of tumour motion must be established, for which purpose 

4DCT is highly recommended. Breathing control methods should be considered where 

tumour motion is ≥5mm. The scan must cover the entire lung and should be acquired 

with a slice thickness of ≤3mm. 

 

 On Treatment Imaging: The patient must be imaged and positioned to ensure tumour 

alignment prior to each treatment fraction. This can be achieved by CBCT imaging 

with online matching (or 4DCBCT imaging where appropriate and available) or 

tracking based on fiducial or tumour motion. 

13.2.2. Target Volume Definition 

 

 GTV = radiologically visible tumour, contoured on lung windows. Mediastinal 

windowing may aid definition of tumour edge in lesions situated close to the chest wall.  

FDG PET-CT should be used to aid target delineation where relevant. 

 

 CTV = GTV. No additional margin is added for microscopic disease. 

 

 ITV =  encompasses either the CTV at mid-ventilation, max inhale and max exhale, 

as well as any additional tumour seen or full tumour extent on maximum intensity 

projection. If a MIP is used, GTVs do not need to be contoured. 

 

 PTV margin is dependent on technique and should be decided by individual centres, 

dependent on immobilization device and delivery technique.  
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13.2.3. Organs at Risk (OAR) Outlining and Constraints 

 

Please refer to SABR Delineation Guidelines for detailed OAR outlining guidelines. The 

following organs should be outlined for lung treatments: 

 

 Normal lung (used to create Lung-GTV) 

 Proximal trachea 

 Proximal bronchial tree 

 Proximal bronchial tree + 2cm 

 Spinal canal 

 Oesophagus 

 Heart 

 Brachial plexus (for apical tumours) 

 Liver and chest wall should also be delineated where appropriate  

 

Dose constraints given in SABR DOSE CONSTRAINTS (UK CONSENSUS) must be 

respected.  If these constraints cannot be met, please contact the SARON QA team. 

 

13.2.4. SABR Dose and Fractionation Options for Eligible Lung Primaries and 

Lung Metastases 

 

 54Gy in 3 fractions – for lesions away from chest wall and mediastinum.  

 

 55Gy in 5 fractions - for lesions where any part of the PTV is in contact with chest 

wall or where OAR dose constraints can’t be met with the 3 fraction regimen. 

 

 60Gy in 8 fractions for central lung/mediastinal lesions. 

 

 Target coverage: aim for the dose received by 95% of the PTV to receive the 

prescribed dose (and 99% of the PTV to receive >90% of the prescribed dose). 

 

 Dose conformity should be as detailed in Table 1: Dose Conformity Requirements 

 Treatment should be delivered daily or on an alternate days. 
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Table 1: Dose Conformity Requirements 

 (a) For 54Gy in 3 fractions 

PTV Volume 

(cc) 
R100 R50 Dmax (>2cm from PTV)+ 

  optimal mandatory optimal mandatory optimal mandatory 

<20 <1.25 1.25-1.40 <12 12-14 <35.1Gy  35.1-40.5Gy  

20.1-40 <1.15 1.15-1.25 <9 9-11 <37.8Gy 37.8-43.2Gy  

>40.1-60 <1.10 1.10-1.20 <6 6-8 <37.8Gy 37.8-43.2Gy  

60.1-90  <1.10 1.10-1.20 <5 5-7 <37.8Gy 37.8-43.2Gy  

>90.1 <1.10 1.10-1.20 <4.5 4.5-6.5 <37.8Gy 37.8-43.2Gy  

 

(b) For 55Gy in 5 and 60Gy in 8 fractions 

PTV Volume 

(cc) R100 R50 Dmax (>2cm from PTV)+ 

  optimal mandatory optimal mandatory optimal mandatory 

<20 <1.25 1.25-1.40 <12 12-14 <35.8Gy  35.8-41.3Gy  

20.1-40 <1.15 1.15-1.25 <9 9-11 <38.5Gy 38.5-44.0Gy  

>40.1-60 <1.10 1.10-1.20 <6 6-8 <38.5Gy 38.5-44.0Gy  

60.1-90  <1.10 1.10-1.20 <5 5-7 <38.5Gy 38.5-44.0Gy 

>90.1 <1.10 1.10-1.20 <4.5 4.5-6.5 <38.5Gy 38.5-44.0Gy 
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where: 

R100 = Vol(100%)/Vol(PTV) = ratio of prescription isodose (e.g. 54Gy, 55Gy, or 60Gy) volume to the PTV volume 

R50 = Vol(50%)/Vol(PTV) = ratio of 50% prescription isodose (e.g. 27Gy, 27.5Gy, or 30Gy) volume to the PTV volume 

+ Dmax (>2cm from PTV) = maximum point dose at least 2cm from the PTV in any direction 

*Lung-GTV V20 = percentage of Lung-GTV (as defined above) receiving >20Gy 

 

*When treating multiple / bilateral lung lesions, V20Gy may be modified as follows: 

Optimal <12.5% 

Acceptable <15% 

Selected cases with good lung function <20% 

Lesions should be treated on alternate days with the same dose and fractionation (usually the most conservative), unless they can be encompassed by a single 

field or the original constraint is met for the combined treatment. When lung function (e.g. FEV1 or DLCO) are <40% of predicted, it is strongly recommended 

to keep V20Gy < 10% (optimal) or 12.5% (mandatory). This only applies for SABR treatments to the lung and does not include doses from conventional 

treatments of the primary lung 
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13.2.5. SABR Dose and Fractionation Guidelines for Lung Metastases in the 
Context of Pre-Irradiated Lung Primaries 

 

Introduction: 

 All patients in the experimental arm will have radical RT to lung +/- nodes. This is 

expected to be around 90% conventional RT and 10% SABR. 

 These guidelines refer to both groups of patients and the impact on their radiotherapy 

planning and delivery. 

 No guidelines exist regarding possible OAR constraint compromise that might be 

necessary to facilitate these treatments. 

 The TMG, and RTTQA will maintain close real-time monitoring of planning dosimetry 

achieved for each patient in the sub-study. The TMG and UCL CTC will also monitor 

toxicity. 

 

Process: 

1. Ideally patients in the sub-study will have the lung primary and metastases RT 

planned and delivered in the same centre.  

I. Partner centres can be developed to allow treatment in separate centres. 

However, the details and process of plan sharing will need to be reviewed and 

approved by the UCL CTC and TMG on an individual centre basis.  

 The individual and combined plans should be sent via SFT to SARON 

RTTQA using the following email address: Saronqa.enh-tr@nhs.net  

 Any concerns during the planning process, please contact Dr Gerry 

Hanna directly via email gerry.hann@belfasttrust.hscni.net and 

g.hanna@qub.ac.uk; please copy in the UCL CTC trial team 

ctc.saron@ucl.ac.uk . 

II. For example, two centres might be approved as partner centres if the 

respective physics teams liaised and swapped plans within the same TPS 

as treatment for both primary and metastasis are being planned. 

III. The two treating centres must ensure that the SABR centre is able to make a 

composite dose from both the primary and the metastatic lesion(s) treatment 

plans. In particular the centres must ensure that there are no hotspots and 

particular caution must be exercised when using non-coplanar treatment 

techniques such as Cyberknife. Where a patient is treated in two separate 

centres it is strongly recommend that the patient is placed in the same 

treatment position for both treatments. Where the treatment positions are very 

mailto:Saronqa.enh-tr@nhs.net
mailto:gerry.hann@belfasttrust.hscni.net
mailto:g.hanna@qub.ac.uk
mailto:ctc.saron@ucl.ac.uk
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different (e.g. with a primary treatment plan with arms up and a metastases 

treatment plan with arms down) the centres may consider using deformable 

dose registration to summate plans. Given the lack of conclusive evidence 

regarding the accuracy of deformable registration, caution using this approach 

is strongly encouraged.  

2. The thoracic SABR should be planned at the same time and on the same planning 

CT as the primary lung RT (whether conventional or SABR). 

I. The lung primary and metastases can then be treated concurrently or at least 

immediately sequentially. 

II. If this is not possible then the thoracic metastases SABR CTV and PTV 

should be outlined on the initial the RT planning CT for the primary lung 

lesion. 

III. The initial RT plan should be optimised to avoid the SABR region. 

3. A summed plan for the primary and thoracic secondary(ies) must be reviewed 

centrally before the SABR to the metastasis(es) is administered. 

I. Generating the two plans from the same planning CT makes this easier. 

 In the absence of a single CT the patient must be treated in the same 

position for the primary and secondary RT treatments in order to allow 

more accurate registration of the two planning CT scans. 

II. Generating the two plans with the same treatment planning software makes 

this easier. 

 In the absence of the same treatment planning software the primary 

and secondary RT plans must be exported to a system that allows 

summing of the two plans. 

4. A single set of constraints will be used for the summed primary and secondary plans. 

I. This might require more iterations to optimise the treatment plans. 

II. It is recognised that (as with all summed plan scenarios) there will be issues 

arising from differences in dose per fraction to each region coming from the 

two different plans. This is exacerbated when SABR is used to the high dose 

per fraction of the SABR prescription.. 

III. Currently no BED conversion is easily available. 

IV. Total additive doses will be used. 

5. The aim of the planning is to achieve the same OAR constraints as for non-sub-study  

patients. 

I. All plans will be reviewed before treatment starts 
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II. Any deviations from the constraints tables above should be pointed out and 

will be reviewed by the TMG prior to approval. 
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13.3. Brain Metastases 

Patients with oligometastatic disease within the brain parenchyma, which meet the inclusion 

criteria for primary and extracranial volume of disease, in addition to the general inclusion 

criteria (specifically total planning target volume, performance status and expected overall 

prognosis) (NHSCB/D05./P/d Commissioning policy: Stereotactic Radiosurgery/ 

Radiotherapy for Cerebral Metastases, 2013) will be included. Patients suitable for SRS will 

be treated in accordance of the local commissioning pathways for SRS. Depending on the 

chosen treatment platform it is anticipated that subtle target volume definition and dose 

prescription differences will occur. At present there is no evidence that this affects either 

acute toxicity or clinical outcomes. These variations will be prospectively documented, and 

described in the process document. 

13.3.1. Target Volume Definition 

 

 GTV = Gadolinium enhancing tumour(s) on a volumetric MRI T1 series. MRI or CT/MRI 

fusion respectively must be used to aid target delineation. 

 

 CTV = GTV. No additional margin is added for microscopic disease. 

 

 PTV = GTV + 0-1mm margin depending on local practice. 

 

13.3.2. Organs at Risk (OAR) Outlining and Constraints 

 

The following organs should be outlined for brain treatments: 

 

 Brainstem 

 Optic Chiasm 

 Optic Nerves 

 Spinal Cord 

 Lens 

 Orbits 
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Please refer to section 11 for UK Consensus SABR Dose Constraints.  If these constraints cannot 

be met, please contact the SARON QA team. 

 

13.3.3. Dose and Fractionation Options for Brain Metastases 

13.4. Largest Lesion Diameter 13.5. Second Met Diameter 

 3cm ≤2cm 

2.8cm ≤2.4cm 

2.6cm ≤2.6cm 

 

 18-24Gy in 1 fraction – for lesions <3cm in size and total volume ≤ 20cc.  

 

 Target volume coverage and conformity index will be in keeping with local polices. 

  



 

SARON Radiotherapy planning & delivery guidelines 

v2.0  43 | P a g e  
 

13.6. SABR for Spine Metastases 

13.6.1. Technical Specification: 

 

 Patient preparation, immobilisation and positioning: To increase patient comfort 

and minimise rigid rotations, non-rigid spinal flexion and intra-fractional patient set 

up errors, robust immobilisation should be used. This could include vacuum bag 

immobilisation devices or thermoplastic shell for disease at T4 and above. Fiducial 

markers are usually unnecessary for treatment of spinal disease. 

 

 Pre-treatment Imaging (including tumour motion management): Either a co-

registered MRI (T1 and T2 sequences) to treatment planning CT in the treatment 

position or a CT myelogram for RT planning purposes is mandatory for spinal cord 

delineation. If MRI is also required for target definition then this is preferred. CT scans 

will be reconstructed at ≤2mm slice thickness for delineation and dose calculation. 

 

 Planning: Where metalwork is present, the Hounsfield Unit conversion table must 

extend sufficiently high to accurately account for heterogeneity. The use of beam 

entry avoidance and appropriate density overrides should be considered where 

necessary. 

 

 On Treatment Imaging: The patient must be precisely positioned prior to each 

treatment fraction. Where target tracking is not available, consideration must be 

given to intra-fractional motion monitoring. 

 

13.6.2. Target Volume Definition 

 

Several publications may inform contouring for spine lesions with the International Spine 

Radiosurgery Consortium Guidelines the most widely used (please see Figure 3) [7]. Clinical 

Treatment Volume (CTV) should be defined as per Figure 4. 
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Figure 3: International Spine Radiosurgery Consortium Guidelines 

 

Figure 4: Clinical Treatment Volume (CTV) Guidelines 

13.6.3. Organs at Risk (OAR) Outlining and Constraints 

 

Multiple beams will be used to deliver SABR. Particularly with non-co-planar planning 

techniques, dose may be delivered to organs at risk at some distance from the PTV. Therefore 

every potential organ through which beams can traverse should be contoured. This may 

include lungs, heart, kidneys, liver, bowel, thyroid, larynx, chest wall and oesophagus. Please 

refer to SABR OAR DELINEATION  for detailed OAR outlining guidelines Dose constraints 

given in the SABR DOSE CONSTRAINTS (UK CONSENSUS) section must be respected.  If 

these constraints cannot be met, please contact the SARON QA team. 

Spinal cord PRV – cord must be outlined explicitly using MRI (rather than canal), then a centre-

dependent margin will be added to create the PRV dependent on immobilization technique. 
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Constraints should be applied to the PRV. 

PTV and cord PRV expansion margins should be appropriate to the proven capabilities of the 

individual centre and technology but are expected to be in the region of 1-3mm when localising 

directly to the bony spine. In cases where the PTV overlaps the cord PRV it may be necessary 

to create an additional optimisation volume, however doses should be reported to the unedited 

PTV. 

13.6.4. SABR Dose and Fractionation Options for Spine Metastases  

 

The doses advised for spinal SABR are based on the experience reported from multiple 

centres over a decade.  The recommended doses show good levels of efficacy with a very low 

risk of spinal cord damage.  

Recommended dose prescription should be to ensure that 95% of the PTV receives 24-30Gy 

in 3 fractions delivered daily or on alternate days, but coverage/dose must be reviewed to 

keep within the spinal cord tolerance detailed above and the prescribed dose or coverage 

should be compromised to achieve this. This prescribed dose could be viewed as being at 

least 3 times the conventional dose (8Gy single fraction). 
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13.7. SABR for Liver Metastases 

13.7.1. Technical Specification: 

 

 Patient preparation, immobilisation and positioning: Patients should be treated 

supine and customised immobilisation such as vacuum bags and knee / ankle 

supports should be used to improve setup repeatability and minimise patient 

movement. Patient preparation should ensure consumption of nothing but clear fluids 

(<200cc) with either oral contrast or water (100-150cc) considered up to 30 minutes 

prior to CT if visualization of duodenum is required. 

 

Where fiducials are to be used, 3-4 well-placed fiducial markers, positioned at least 

2cm apart in non-collinear positions and with their geometrical centre close to that of 

the tumour, are recommended for image-guidance and should be implanted at least 

7 days prior to the CT scan. 

 

 Pre-treatment Imaging (including tumour motion management): A delayed 

phase contrast-enhanced CT scan in exhale breath-hold of ≤3mm slice thickness is 

essential for GTV delineation and should include the full extent of lung where 

necessary. 

 

Where tumour tracking is unavailable, and where motion is >5mm, breathing motion 

management techniques such as ABC, respiratory gating or abdominal compression 

are strongly recommended (n.b. respiratory gating using an external marker is NOT 

permitted). 

 

Where such techniques are not being used, acquisition of a 4DCT scan is mandatory 

to establish the range of tumour motion. MRI is strongly recommended to improve 

delineation, particularly where CT-contrast is contraindicated. 

 

 On Treatment Imaging: The patient must be imaged and positioned to ensure soft 

tissue or fiducial alignment prior to each treatment fraction. CBCT (soft tissue) or kV 

planar imaging (fiducials) is mandatory and repeat imaging should be considered 

after non-coplanar fields or after 30 minutes on the couch. Where possible, patient 

setup accuracy should be within 3mm and 3 degrees of that intended. 
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13.7.2. Target Volume Definition 

 

Accurate tumour delineation can be challenging and both the contrast CT and MRI (if possible 

and no contra-indications) should be used to aid tumour delineation. Radiology input should 

be sought to aid tumour and/or organ at risk definition where necessary. 

 

 Gross tumour volume (GTV) will be defined by contrast CT and MRI and includes all 

definable disease. 

 

 Clinical Target Volume (CTV) = GTV + 5mm isotropically, edited to liver contours (i.e. 

CTV does not extend beyond the liver border). 

 

The planning target volume (PTV) margin will be dependent on delivery technique and 

immobilization systems and will be pre-determined by centres following internal auditing of 

their treatment uncertainties. 

Typical values are: 

 

Cyberknife (or other tracking):  PTV = CTV + 3-5mm 

ABC (or other breath-hold):   PTV = CTV + 5mm 

Free-breathing:    PTV = ITV + 5mm 

 

Spinal cord PRV expansion margin should be established based on local capabilities but 

would be expected to be 5mm when bony spine is not used directly for localisation. 

13.7.3. Organs at Risk (OAR) Outlining and Constraints 

 

The following OARs will be outlined on the planning CT scan: 

 Entire normal liver 

 Whole of both kidneys 

 Entire stomach 

 Duodenum 

 Small Bowel 



 

SARON Radiotherapy planning & delivery guidelines 

v2.0  48 | P a g e  
 

 Lower thoracic and abdominal Spinal Cord 

 Lower oesophagus and GOJ 

 Lower portion of heart – whole might be required in some clinical scenarios 

 Lung bases 

 Chest wall adjacent to PTV as relevant 

Please refer to SABR OAR DELINEATION  for detailed OAR outlining guidelines Dose 

constraints given in the SABR DOSE CONSTRAINTS (UK CONSENSUS) section must be 

respected.  If these constraints cannot be met, please contact the SARON QA team. The 

exception to this is the chest wall constraint.  Exceeding chest wall tolerance predicts for a 

higher incidence of chest wall pain and rib fracture for which the patient should be consented.  

PTV dose should not be limited due to exceeding chest wall tolerance. 

13.7.4. SABR Dose and Fraction Options for Liver Metastases 

 

 Two fractionation regimes are available depending on the clinical scenario and 

physician choice. The highest BED achievable within the planning constraints should 

be used as there is evidence to show that local control correlates with BED. However 

in all cases OAR doses must be respected and if planning constraints cannot be met, 

the prescription dose should be reduced accordingly. 

 

 45Gy in 3 fractions.  

 

 50-60Gy in 5 fractions may be used when a larger PTV volume is being treated in 

order to achieve OAR constraint, when the PTV is within 1 cm of small bowel/visceral 

OAR or adjacent to chest wall/ribs. 

 

 ≥95% of the PTV should receive at least the prescription dose (D95 > 100%). 

13.7.5. Care on Treatment 

 

 Patients who have a large volume of stomach or duodenum treated should be 

prescribed anti-emetics. 5HT3 antagonists are preferred. 
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 Patients whose PTV is close to the stomach/duodenum should be prescribed 

prophylactic proton pump inhibitors and continue taking them for at least 3 months 

following treatment. 
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13.8. SABR for Adrenal Metastases 

13.8.1. Technical specification  

 Please see the technical specifications for Liver and Nodes. 

13.8.2. Target Volume Definition 

 

Accurate tumour delineation can be challenging and both the contrast CT and MRI (if possible 

and no contra-indications) should be used to aid tumour delineation. Radiology input should 

be sought to aid tumour and/or organ at risk definition where necessary. 

 

 Gross tumour volume (GTV) = gross tumour volume as defined on all available 

imaging. 

 

 Clinical Target Volume (CTV) = GTV. No additional margin is added for microscopic 

disease. 

 

The planning target volume (PTV) margin will be dependent on delivery technique and 

immobilization systems and will be pre-determined by centres following internal auditing of 

their treatment uncertainties. 

13.8.3. Organs at Risk (OAR) Outlining and Constraints 

 

The following OARs will be outlined in their entirety on the planning CT scan: 

 Entire normal liver for right sided adrenal metastases 

 Whole of both kidneys 

 Entire stomach for left sided adrenal metastases 

 Duodenum 

 Small Bowel 

 Lower thoracic and abdominal Spinal Cord 

 Lower oesophagus and GOJ 
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 Lower portion of heart – whole might be required in some clinical scenarios 

 Lung bases 

 Chest wall adjacent to PTV as relevant 

Please refer to SABR OAR DELINEATION  for detailed OAR outlining guidelines Dose 

constraints given in the SABR DOSE CONSTRAINTS (UK CONSENSUS) section must be 

respected.  If these constraints cannot be met, please contact the SARON QA team. The 

exception to this is the chest wall constraint.  Exceeding chest wall tolerance predicts for a 

higher incidence of chest wall pain and rib fracture for which the patient should be consented.  

PTV dose should not be limited due to exceeding chest wall tolerance. 

13.8.4. SABR Dose and Fractionation Options for Adrenal Metastases 

 

 30-45Gy in 3 fractions prescribed so that the prescription isodose covers 95% of 

the PTV.  
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13.9. SABR for Lymph Node and Bone metastases (Non-Spine) 

13.9.1. Technical Specification (soft tissue): 

 

 Patient preparation, immobilisation and positioning: Patients should be 

positioned to aid comfort, setup and reproducibility and in a position that facilitates 

treatment depending on tumour location and delivery platform. Vacuum bags or 

thermoplastic shells should be considered where appropriate and, for disease in the 

pelvis, interventions to reduce bowel gas artefacts and anatomical changes should 

be considered. Consideration of the need to use fiducial markers, which should be 

implanted into stable structures wherever possible when used, may be made on a 

per-patient basis. 

 

 Pre-treatment Imaging (including tumour motion management): CT images 

should be acquired with a slice thickness of ≤3mm, with additional PET and/or MRI 

imaging used to aid tumour delineation where appropriate. For tumours affected by 

respiratory motion and where tracking or breathing control methods are not used, 

acquisition of a 4DCT scan is mandatory to establish the extent of tumour motion. 

 

 On Treatment Imaging: The patient must be imaged and positioned to ensure soft 

tissue or fiducial alignment prior to each treatment fraction. Volumetric CBCT imaging 

is preferred to enable soft tissue visualisation, although orthogonal imaging of 

implanted fiducials is acceptable. Bony anatomy may also be used as a surrogate 

for tumour position where appropriate (e.g. para-aortic treatments). 

13.9.2. Target Volume Definition 

 

The GTV should be outlined, with a CTV margin applied as clinically required to cover 

microscopic spread.  For example, this may be 2-3 mm for bony metastases, but CTV may 

identical to GTV for nodal metastases. Discussion with a SARON TMG member may be 

appropriate. 
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13.9.3. Organs at Risk (OAR) Outlining and Constraints 

 

Multiple beams and/or beam angles will be used to deliver SABR. Therefore every potential 

organ which beams can traverse should be contoured. This may include lungs, heart, kidneys, 

liver, bowel, thyroid, larynx, chest wall, and oesophagus. Please refer to SABR OAR 

DELINEATION  for detailed OAR outlining guidelines Dose constraints given in the SABR 

DOSE CONSTRAINTS (UK CONSENSUS) section must be respected.  If these constraints 

cannot be met, please contact the SARON QA team. 

13.9.4. SABR Dose and Fractionation Options for Bone / Nodal Metastases 

There is no consensus as yet for the optimal dose to lymph node and bone (non-spine) 

metastasis. The UK clinical experience is mostly based on 30Gy in 3 fractions alternate daily, 

which appears efficacious and well tolerated.  

 30-45Gy in 3 fractions daily or on alternate days. 

95% of the PTV should receive the prescription dose but this should be compromised where 

needed to remain within OAR tolerance. 
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APPENDIX 1: SEGMENTATION OF THE LOWER BRACHIAL 
PLEXUS 

 

The major trunks of the ipsilateral brachial plexus will be contoured by using the subclavian 

and axillary vessels as a surrogate for identifying the location of the plexus on head and 

neck windowing. These vessels will be contoured from the bifurcation of the brachiocephalic 

trunk into the jugular/subclavian veins (or carotid/subclavian arteries), following along the 

route of the subclavian vein to the axillary vein and ending after the neurovascular structures 

cross the 2nd rib. 
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The lower brachial plexus then passes between the anterior and middle scalene muscles, to 

the exit foramina of the C7 and T1 vertebrae. This route should be segmented where present 

in the CT slices. 
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The resulting volume represents the lower brachial plexus: 
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