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UK 2022 consensus on normal tissue dose-volume constraints for oligometastatic, primary lung 
and hepatocellular carcinoma Stereotactic Ablative Radiotherapy 
 
Highlights 
 

 An updated consensus for OAR constraints for SABR is presented 

 Constraints are based on the published literature and reflect international practice 

 This consensus aims to support safe and consistent SABR practice across the UK 
 

Abstract 

 

The use of stereotactic ablative radiotherapy (SABR) in the UK has expanded over the past decade, in 

part as the result of several UK clinical trials and a recent NHS England Commissioning through 

Evaluation (CtE) programme. A UK SABR Consortium consensus for normal tissue constraints for SABR 

was published in 2017, based on the existing literature at the time. The published literature regarding 

SABR has increased in volume over the past five years and multiple UK centres are currently working 

to develop new SABR services. A review and update of the previous consensus is therefore appropriate 

and timely. It is hoped that this document will provide a useful resource to facilitate safe and 

consistent SABR practice. 

 

Introduction 

 

The use of stereotactic ablative radiotherapy (SABR or SBRT) in the UK has expanded over the past 

decade. Initially SABR was limited to early-stage primary lung cancer but, in part as a result of several 

UK clinical trials[1-7] and a recently completed NHS England Commissioning through Evaluation (CtE) 

programme (a single arm prospective registry study of patients treated with SABR for 

oligometastases)[8], its use has now extended to the oligometastatic setting as well as non-lung 

primary disease sites. Evidence suggests SABR is well-tolerated and achieves high rates of local control 

in multiple settings[5,8-11]. Phase II trials and pooled analyses indicate promise in terms of overall 

and progression-free survival endpoints[12-14], but phase III evidence confirming the overall survival 

benefit of SABR, in addition to standard of care in the oligometastatic setting, or as an alternative to 

surgery in the primary lung cancer setting, is still awaited. While well tolerated in the majority, cases 

of severe, and even grade 5, toxicity have been documented[9,15,16]. An appreciation of organ at risk 

(OAR) constraints is therefore essential to help ensure, as far as possible, that treatment is safe.  

 

In 2017 we published a UK consensus for SABR constraints to encourage and facilitate uniform practice 

across the UK[17]. Many of the constraints were derived from the American Association of Physicists 

in Medicine (AAPM) Task Group (TG) 101 report from 2010[18], the most comprehensive list of 

constraints at the time. We recognised in our original publication that the constraints should be 

viewed as preliminary and would require to be reviewed and updated over time. Many more patients 

have now been treated with SABR, within and outside of clinical trials, and more clinical outcome data 

have been published. In addition, following the encouraging outcomes from CtE[8], SABR for 

oligometastases is currently being rolled out to multiple UK centres with less experience of this 

technique. It is therefore timely to review our original consensus in light of more recent information 

and the need for contemporary guidance for centres setting up new SABR services.  
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Here we present an updated UK consensus on constraints for SABR, taking into account published 

constraints and related works since our 2017 publication. Specifically, the HyTEC group 

(Hypofractionated Treatment Effects in the Clinic) was formed as an AAPM working group, with the 

aim of reviewing SABR dose-volume outcomes for normal tissues as well as tumours[19]. In May 2021, 

a special issue of the International Journal of Radiation Oncology, Biology and Physics brought 

together the publications of the HyTEC group, which included several organ-specific papers[20-24]. In 

addition, this year, a systematic review by Gerhard et al was published that examined normal tissue 

constraints from currently recruiting trials using SABR for the treatment of oligometastases (n=53), 

that helpfully summarised these as the modal, median and range[25]. Any constraints from our 2017 

publication that were noted to be markedly different to those reported in the HyTEC publications or 

by Gerhard et al were reviewed particularly closely and justification sought if these were to be 

retained.  

 

The authors are active or past members of the UK SABR Consortium and affiliates, and/or co-

investigators in SABR/SRS clinical trials. Both clinicians and medical physicists contributed, all with 

clinical and research experience in SABR. Individuals participated in site-specific discussions, in their 

area of expertise, where OAR constraints were agreed for that anatomical region. In addition, all co-

authors were involved in whole-group discussions to establish general principles for this update. 

 

 

General principles 

 

As with our original consensus, several general principles were adopted as well as some organ-specific 

principles. General principles are as follows: 

 

1. Constraints are divided into anatomical region (thorax, abdomen, pelvis, spine and intra-

cranial), with both optimal and mandatory dose constraints included, where appropriate. 

 

2. For extra-cranial organs, near maximum doses previously applied to 0.5 cc (i.e. D0.5cc) are now 

reported to 0.1 cc to become more in line with international practice. The volume of 0.1 cc 

was also chosen as this is considered a large enough volume to be reproducible between 

treatment planning systems (TPS) [26], acknowledging that ICRU report 91[27] and the AAPM 

TG-101 report[18] recommend that maximum dose constraints be applied to ≤0.035 cc.  It is 

considered that, at present, there is insufficient high-quality prospective evidence to justify 

the ongoing use of D0.5cc as before. Moving to near maximum doses of D0.1cc from D0.5cc is less 

permissive and therefore a ‘safe’ change. Spinal cord, cauda equina and other CNS constraints 

(where OARs are often very small volume) are now applied to 0.035 cc (rather than 0.1 cc as 

before) to be closer to the volumes used for the modelling work that defined these dose 

limits[20].  

 

3. There are differences in how constraints are reported for serial and parallel organs; key 

principles are listed in Table 1. Importantly, for parallel organs, D≥xxcc constraints relate to 

minimum critical volumes or ‘cold’ constraints whereby the intention is to spare a specific 

volume or more of OAR (in this case xx cc) from a specified dose. Care must be taken not to 

confuse these with maximum dose or ‘hot’ (i.e. Dxxcc) constraints, as used for serial OARs. 
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Depending on the TPS, it may not be possible to directly evaluate minimum critical volume 

constraints and it may be necessary to determine the dose as for a maximum dose, or ‘hot’ 

constraint by using the DVTOT-xxcc notation, where ‘VTOT’ is the total OAR volume and ‘xxcc’ is 

the minimum volume that must be spared.  

 
 

4. As before, constraints have been provided for 3, 5 and 8 fraction SABR. In addition, being 

aware of increasing uptake of single fraction SABR[28], one fraction constraints are also 

provided, largely derived from AAPM TG-101, which also align closely to the modal and 

median values reported in the Gerhard et al constraint systematic review[18,25]. In addition, 

we have added spinal cord constraints for 2-fraction SABR, in light of the recent HyTEC report 

and an awareness of increasing utilisation of 2-fraction spinal SABR internationally[20,29].  

 

5. Delineation uncertainty can be a major cause of uncertainty. As such, atlases and guidelines 

as recommended by the UK SABR Consortium should be used to guide OAR contouring[30].  

Contour peer-review is also strongly encouraged and auto-contouring algorithms, if available, 

should be verified manually for each patient. When uncertainties in delineation remain, 

advice should be sought from appropriate radiologists.  

 

 

6. The dose constraints presented are only applicable for patients receiving SABR alone. For 

those who have received recent, or are receiving concomitant, systemic anti-cancer therapy 

(SACT; in particular anti-angiogenic agents, small molecule inhibitors or immunotherapy) 

there may be an enhanced risk of normal tissue toxicity. 

 

7. These dose constraints are not applicable to the setting of re-irradiation. 

 

8. Where 2 separate GTVs are being treated within the same organ (e.g. two separate lung 

metastases) during the same treatment course, the doses from the summed plan (if separate 

isocentres are used) will be used to assess OAR constraints. 

 
9. The constraints are recommended for use for the treatment of oligometastases in any body 

site, primary lung tumours and hepatocellular carcinoma (HCC). Different constraints may, 

however, be more appropriate when treating other primary tumours with SABR and site-

specific protocols should be sought in these circumstances. For example, in the setting of 

primary prostate cancer, where the intent of treatment is different to the treatment of 

oligometastases in the pelvis, more lenient rectal constraints are considered appropriate[5]. 

Similarly, different dose-volume constraints are recommended in the setting of SABR for 

primary renal cell[31] and pancreatic cancer[32-34].   

 

10. In the accompanying tables, unless otherwise specified, all constraints are less than or equal 

to (i.e. ≤) the stated value. Where the Gerhard et al systematic review of constraints is cited, 

this reflects the modal and/or median constraint reported in this work and not the full range 

of constraints. Any constraints without a reference have been derived by group consensus. 
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Consensus was reached through the site-specific group discussions and reflect current UK 

practice. 

 
11. These constraints are recommended for use in routine practice and may differ from those 

evaluated in current and future clinical trials. 

 
 

12. These dose constraints are to be used as guidance only. Final responsibility for radiotherapy 

plan evaluation remains with the treating clinician and treating institution. Changes should be 

justified using good a priori medical reasons. 

 

 

 

 

Thoracic constraints and skin (Table 2) 

 

Several of the 8-fraction thoracic constraints in the previous consensus were based on the LungTECH 

trial[35]. Being aware that this trial closed early and has not yet reported, these constraints have been 

revised based on alternative sources, including the SABR-COMET trial, where the predominant 

treatment site was lung, and which has reported acceptable toxicity levels[9,12]. Such instances are 

discussed below.  

 

It is acknowledged that UK practice differs in its use of V20Gy, however it is in line with the lung-specific 

work reported by HyTEC[22]. The volumes to which V20Gy was applied in the previous consensus, 

however, were considered very conservative and therefore have been relaxed to V20Gy  ≤10% and ≤15% 

for optimal and mandatory constraints, respectively, in line with the doses implied in the lung-specific 

HyTEC work[22].  In addition, optimal mean lung doses of ≤8 Gy in 3 and 5 fractions have been added, 

again based on the same publication[22]. Extrapolating from this work, the same constraints have 

been applied to single and 8-fraction schedules. The V20Gy constraints will apply to SABR for both single 

and multiple lung lesions.  

 

For the heart, the previous 3- and 5-fraction mandatory constraints were from the ROSEL study[36] 

but have been revised as considered too conservative. The new mandatory constraints are those used 

in the SABR-COMET trial[9], which are also consistent with AAPM TG-101[18] and the modal/median 

constraints reported in the Gerhard et al systematic review[25]. The ROSEL constraints have now been 

adopted as optimal[36], where appropriate. The new, more conservative, mandatory constraint for 8-

fraction treatments has been adopted from the SABR-COMET trial[9], also the median/modal 

constraint reported by Gerhard[25]. Importantly, where the 8-fraction cardiac mandatory constraint 

cannot be met, the prescription dose should be reduced from 60 Gy to 50 Gy.  

 

Great vessel mandatory constraints have been retained for 3 and 5 fraction schedules, based on AAPM 

TG-101[18], SABR-COMET[9] and consistent with the modal/median constraints reported in the 

Gerhard et al review[25]. For 8-fraction SABR, a mandatory great vessel constraint has been added, 

also based on SABR-COMET[9], which is also consistent with the modal/median in the Gerhard et al 
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review[25]. An optimal constraint of 60 Gy has been added, based on group consensus. It is also 

recommended for 8-fraction SABR that any hot spots are constrained to the PTV. 

 

The mandatory brachial plexus, trachea and bronchus constraints for 3, 5 and 8 fractions, originally 

based on the ROSEL (3 and 5 fractions) and LungTECH (8 fraction) trials[35,36], have been modified to 

be in accordance to the SABR-COMET trial[9]. The 5- and 8-fraction brachial plexus optimal constraints 

have been based on the currently recruiting SABR-COMET-3 trial[37].  

 

Chest wall constraints are optimal and retained for 3 fractions but modified to be more permissive for 

5 fractions, in line with AAPM TG-101[18]. No optimal is given for 8 fractions, in line with a number of 

international trials. Clinically 8 fraction schedules are typically only used away from the chest wall or 

near the apical or posterior chest wall, where dose is optimised based on a more sensitive 

neighbouring OAR (e.g. brachial plexus or spinal canal).  It is stressed that all chest wall constraints are 

optimal, and it is therefore accepted that these may not be met when a lesion is adjacent to the chest 

wall and, in this situation, the patient should be consented for an increased risk of chest wall toxicity. 

 

Regarding the oesophagus, the 5-fraction mandatory constraint has been increased to 35 Gy (from 34 

Gy), such that all 1-, 3-, and 5-fraction constraints are now consistent with AAPM, with 5- and 8-

fraction constraints also being those used in SABR-COMET[9] and the modal/median constraints 

reported by Gerhard et al[25].  

 

Skin constraints, also optimal, have been retained from the previous report for 3 and 5 fractions and 

8-fraction constraints added, based on SABR-COMET-3[37], which reflects the modal/median 

constraints reported by Gerhard et al[25]. In some scenarios it may be necessary to exceed these 

constraints in an effort to achieve coverage and in these cases the patient should be consented for 

increased risk of skin toxicity.  

 

As for other sites, single fraction constraints have been included, mainly based on APPM TG-101 and 

also in line with the modal/median values reported in the Gerhard et al review[18,25]. However, 

where a more conservative constraint was used in the recently reported SAFFRON II trial[28], this has 

been used in preference, given that limited single fraction SABR outcome data are currently available.  

 

 

Abdominal constraints (Table 3) 

 

The multiple constraints previously recommended for stomach, small bowel and duodenum have 

been rationalised. For the all three structures, the 5-fraction D10cc constraint (≤25 Gy) has been moved 

to become optimal, because this dose (EQD2 40 Gy, based on α/β=3 Gy) has been delivered safely to 

much larger volumes of small bowel in clinical practice, without excessive short- or long-term 

toxicity[38,39].  In addition, the previous optimal 5-fraction D5cc constraint (also EQD2 40 Gy) has been 

removed for all three structures. For the duodenum, the 5-fraction D1cc and D9cc constraints have also 

been removed and, instead, the dose previously applied to D1cc (≤33 Gy) made optimal for D0.5cc (i.e. 

D0.5cc ≤33 Gy). The values used are in line with the range of constraints reported in the Gerhard et al 

systematic review[25], accepting that the duodenal 5-fraction D10cc constraint (≤25 Gy) is at the upper 

end of the range reported and also higher than that reported by AAPM TG-101 (D10 ≤12.5 Gy)[25] 
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but, as above, is a well-established dose for larger volume treatments. It is acknowledged that the 

luminal constraints presented here are more conservative than those that may be adopted when 

treating primary pancreatic cancer[32-34], where the risk: benefit ratio is different.  

 

The constraints required to limit toxicity when irradiating central liver structures such as the common 

bile duct lack robust evidence, therefore these constraints have been retained at 50 Gy (now applied 

to 0.1 cc) for both 3- and 5-fraction schedules.  

 

For the liver, an optimal 5-fraction D≥700cc has been added and the mandatory 3-fraction D≥700cc has 

been lowered from 19.2 Gy to 17 Gy, to reflect the recent liver-specific HyTEC work[23]. In addition, 

optimal and mandatory 3-fraction mean dose constraints have been added, also in accordance to 

HyTEC[23]. While we have opted to provide one set of constraints for the liver, it is acknowledged that 

patients with liver metastases represent a different disease entity than those with HCC, where 

underlying cirrhosis puts these patients at a greater risk of radiation-induced toxicity. As such, for HCC, 

the optimal 3-fraction mean liver dose should be considered mandatory. Of note, the provided 

constraints are only appropriate for patients with, at worst, Child Pugh A6 liver disease. While all the 

liver constraints presented here are compatible with the range that the recent liver-specific HyTEC 

work considered acceptable, it is recognised that most of the HyTec work focused on 3- and 6-fraction 

SABR[23], whereas, in the UK, most liver SABR is delivered in 3 (metastases) or 5 (metastases or HCC) 

fractions. These constraints are also in line with those presented by Gerhard et al[25]. Of note, where 

patients are having more than one liver lesion treated with SABR, it is recommended a 5-fraction 

regime is used and that all OAR constraints should be met as per a single lesion, with at least 40 hours 

(alternate days) between treatments.  

 

 

In terms of the kidneys, the previous guidelines applied the 3-fraction D≥200cc constraint to individual 

and combined kidneys. In practice, individual kidneys are frequently <200 cc in volume, making the 

D≥200cc less useful in this setting. Therefore the 3-fraction D≥200cc has been retained for combined 

kidneys only and, for consistency, a 5-fraction combined kidney D≥200cc has been added, based on 

AAPM TG-101 and in line with the modal/ median constraints reported in the Gerhard et al review[25]. 

The mean dose for 5-fraction SABR has been retained for both combined and individual kidneys and, 

also for consistency, a mean dose for 3-fraction SABR added, equivalent to the 5-fraction dose (α/β=3 

Gy). In the previous consensus, for patients where the mean ipsilateral kidney dose was exceeded, or 

for patients with a solitary kidney, 5-fraction V10Gy optimal and mandatory constraints for the 

contralateral kidney were specified. These have been retained and mandatory V10Gy constraints added 

for 1 and 3 fractions, based on the constraints applied to the contralateral kidney in the FASTRACKII 

trial[40]. Of note, where patients have both kidneys but are known to have poor renal function or 

significant imbalance in kidney function, it may be most appropriate to observe the single kidney 

constraints for the better functioning kidney.  

 

The spleen is increasingly recognised as a potential OAR, with patients who receive higher doses being 

at increased risk of infection and infection-related mortality[41,42]. While constraints for 

conventional fractionation have been proposed, no constraints for SABR have been defined to date. 

As such, contouring and reporting of mean spleen doses is now encouraged to facilitate future 

modelling work. 
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Pelvic constraints and skin (Table 4) 

 

Pelvic constraints that were considered of little clinical value have been removed. These include D15cc 

for both 3- and 5-fraction bladder, which were considered too low to be clinically relevant (EQD2 28.9 

Gy and 24.4 Gy for 3 and 5 fractions, respectively, based on α/β=3 Gy). In addition, the 5-fraction 

ureter constraint has been removed as, at 45 Gy, it is unlikely to be exceeded with prescription doses 

of 30 Gy. The 3-fraction ureter constraint has been retained, however, as, at 40 Gy), this could be 

exceeded with prescription doses of 30-40 Gy. Penile bulb constraints have been removed as it is 

unlikely that target volumes would be compromised to respect these.  

 

Colon and rectal 5-fraction mandatory constraints have been revised to 38 Gy, such that all constraints 

are consistent with AAPM TG-101[18] and the modal/median constraints reported by Gerhard et 

al[25].  

 

The lumbo-sacral plexus and cauda equina (see next section), which were previously considered as 

one structure, have now been separated and sacral plexus constraints are now considered optimal, 

rather than mandatory in the de novo oligometastatic setting. It remains mandatory for 

oligoprogressive disease. This change reflects the fact that decisions on lumbo-sacral plexus dose 

often require an individual value judgement. For example, in cases where a patient will likely 

experience prolonged survival and has multiple further lines of therapy available (e.g. a patient with 

hormone sensitive prostate cancer with a pelvic side wall nodal recurrence), then respecting lumbo-

sacral plexus constraints is likely appropriate. In contrast, for a patient with few treatment options, a 

more limited prognosis and lumbo-sacral plexus invasion from recurrent disease, then a clinician 

might opt to prioritise target coverage over sacral plexus sparing, provided the risks have been 

discussed and the patient consented appropriately. The 3-fraction D5cc constraint has been increased 

from 22 Gy to 22.5 Gy, such that all lumbo-sacral plexus constraints are now consistent with AAPM 

TG-101 as well as the modal/median constraints reported by Gerhard et al[18,25]. Guidelines are 

available for lumbo-sacral plexus delineation[43]. 

 

Recent work has highlighted the urethra as a potential OAR[44]. No international constraint for the 

urethra exists, however, and contouring of this structure is not routine. Where it is contoured, near 

maximum dose (D0.1cc) reporting is recommended to facilitate future audit and modelling.  

 

Femoral head constraints remain unchanged and, particularly with IMRT and arc treatments for more 

central disease, are rarely dose limiting. These constraints are optimal and so can be exceeded if the 

clinical scenario requires this and the patient consented as appropriate.   

 

 

Spinal cord, cauda equina and spinal canal constraints (Table 5) 

 

Constraints for the spinal cord have been modified in light of the recently published HyTEC report, 

which reviewed spinal cord dose/volume tolerance data from published data and modelled to 
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estimate the risk of radiation myelopathy (RM)[20]. Recommendations for spinal cord point maximum 

doses, associated with a 1-5% risk of RM were made for image-guided SABR delivered in 1 to 5 

fractions[20]. Constraints for 1-, 2-, 3- 5- and 8-fraction constraints are included, in particular in light 

of the encouraging results of the phase III SC24 trial (24 Gy in 2 fractions SABR vs. 20 Gy in 5 fractions 

palliative radiotherapy), where little high grade toxicity was reported and which used the same spinal 

cord constraint as reported by HyTEC[20,29].  It is acknowledged that there are limitations inherent 

within the modelled data presented in the HyTEC paper and that the suggested constraints represent 

conservative estimates, however, these are considered the most appropriate starting point as spinal 

SABR services are expanded across the UK. The HyTEC report also summarises higher dose limits, 

based on protocols and expert opinion.  There may be clinical circumstances such as high-grade 

epidural disease and/or radioresistant disease, where target coverage may be compromised if a more 

conservative constraint were to be applied.  The risk of choosing a dose-escalated constraint must be 

judged by the treating clinician, taking into account the treating centre’s experience, SABR platform(s) 

and the need for rigorous quality assurance (QA) in the set-up, planning and delivery of spinal SABR 

at their individual institution. The mandatory constraint for 8-fraction SABR is retained and is that used 

in the SABR COMET trial[9] as well as the modal/median reported in the Gerhard et al systematic 

review[25], now applied to 0.035 cc.  

 

For the cauda equina, the 3-fraction mandatory D5cc constraint has been lowered slightly such that all 

1-, 3- and 5-fraction constraints are based on AAPM TG-101[18], which are also consistent with 

Gerhard et al[25]. The 2-fraction cauda equina constraint is the same as that used for the spinal 

cord[20,29].  

 

For spinal targets at the level of the spinal cord, the spinal cord itself should be contoured based on 

the co-registered MRI and a planning organ at risk volume (PRV) added.  The spinal cord constraint is 

applied to the spinal cord PRV and applied to a volume of 0.035 cc, to be more consistent with the 

modelling work that derived these constraints[20]. The appropriate PRV size should be determined by 

the individual treating centre and is typically 1-3 mm and can vary across treatment platforms.  

 

For spinal targets below the termination of the spinal cord, the cauda equina becomes the relevant 

OAR. The thecal sac is contoured as a surrogate for the cauda equina using a co-registered MRI[45].  

No PRV is added to the thecal sac. The cauda equina constraint should also be applied to 0.035 cc of 

structure. 

 

For non-spinal targets, the bony canal should be used as a surrogate for the spinal cord/cauda equina 

throughout the length of the spine (neural foraminae should not be included) and the spinal 

cord/cauda equina constraint applied to 0.035 cc of this structure. No PRV should be applied. 

 

 

Intracranial constraints (Table 6) 

 

In the 2017 UK consensus, 0.1 cc was used as a small volume surrogate for maximum dose for central 

nervous system (CNS) structures, except for cochlea which can be smaller than this volume, in which 

case mean dose was recommended. However, it is recognised that optic structures such as chiasm, 

and lenses can also be smaller than 0.1 cc. Very small volumes or point doses should not be used for 
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dose reporting though, because of uncertainties in TPS volume and dose calculations. A multi-centre 

study of stereotactic radiosurgery (SRS) planning found differences of up to 0.05 cc for target volumes 

less than 1 cc, both between different TPS and between different centres with the same TPS[26]. 

Therefore 0.035 cc is now used as the near maximum volume in this guidance for optic structures, 

lens and brainstem (along with spinal cord as above). The cochlea constraints remain as mean dose 

constraints, acknowledging that the constraints presented for 3 and 5 fractions were originally 

intended as near maximum constraints (to 0.035 cc)[18]. Given the small volume of the cochlea, 

meaningful differences are not anticipated.  

 

For optic structures, more recent evidence has suggested that increased mandatory tolerances 

compared to those listed in our previous publication may still be associated with a low risk of 

radiation-induced optic nerve/chiasm neuropathy (RION). Milano et al[24] projected a 1% risk of RION 

for patients without prior cranial radiotherapy in patients receiving < 10, 20 and 25 Gy, in 1, 3 and 5 

fractions to the optic apparatus, respectively, and so these have been adopted in this current 

consensus as mandatory constraints.  

 

Regarding brain as an OAR, both dose volume metrics and location of dose are important. 

Retrospective data report a range of toxicity endpoints and are often confounded by several pathology 

and treatment variables. Furthermore, toxicity in the form of radionecrosis can be difficult to 

discriminate from progression for tumour cases. This makes it challenging to recommend a universal 

dose/volume constraint. However, it is widely accepted that small volumes tolerate higher doses as 

reflected in the RTOG 90-05 phase I dose escalation study for brain metastases[46] and many 

subsequent series. Total tissue V12Gy, that is the volume including target receiving 12 Gy, as opposed 

to normal brain V12Gy, where the target volume is subtracted, emerged several years ago as a predictor 

of late radiation toxicity for arteriovenous malformations (AVMs)[47,48]. Brain V12Gy was not 

significant on multivariate analysis. The value of this metric for other pathology including brain 

metastases remains unclear. For brain metastases the benefits from early local control, and in the 

situation of multiple brain metastases, a distribution of V12Gy across the brain, raises uncertainty with 

regards to the optimal value of V12Gy.  To help address this issue HyTEC published a normal tissue 

complication model based on dose and volume[21]. The group estimated that a V12Gy of 5 cc, 10 cc 

and >15 cc were associated with a symptomatic necrosis risk of 10%, 15% and 20% respectively with 

single fraction SRS for brain metastases. Estimated risks were slightly lower for AVMs.  Metastases 

treated with 3 fractions and a V20Gy <20 cc, or with 5 fractions and a V24Gy <20 cc, were associated with 

a <10% risk of any radionecrosis or oedema, and a <4% risk of radionecrosis requiring surgery. The 

QUANTEC analysis also acknowledged increasing risk with using single fraction with a V12Gy above 5-

10 cc[49]. Table 5 has been updated taking into consideration this modelling and more importantly 

the advantages from standardised reporting. However, individual risk versus benefit, location of target 

and therapeutic goals should be considered when reviewing the metric locally on a per-patient basis. 

 

Optimal limits are retained for lens and orbit (as a surrogate for retina). Although in most cases 

target volumes should not be compromised to achieve these values, the risk of damage from high 

doses to sensitive structures such as the cornea should be avoided. Doses to these structures should 

generally be kept as low as reasonably practicable. Likewise, cochlea constraints are now listed as 

optimal only. There may be occasional benign treatments where hearing preservation is the priority, 
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but for most treatments target coverage (and chance of local control) should not be compromised 

for this OAR. 

 

 

 

Discussion 

 

This document presents the current UK consensus on OAR constraints for the delivery of SABR. While 

the recent literature has been reviewed, and despite many more patients having been treated with 

SABR since 2017, several of the current constraints remain those from the AAPM TG-101 report[18]. 

Despite being over 10 years old and based on limited clinical experience and even “educated 

guessing”, the AAPM TG-101 constraints are still in common use, as demonstrated by Gerhard et al in 

the recent systematic review of constraints used in currently recruiting trials of SABR for the treatment 

of oligometastases[25]. Hence, the constraints presented in this consensus also represent 

contemporary international practice and their ongoing use in prospective clinical trials will hopefully 

lead to their validation. To remain in line with international practice, we opted to reduce near 

maximum dose constraints to be to 0.1 cc for extracranial OARs, rather than D0.5cc used in the previous 

consensus and we have reduced CNS, spinal cord and cauda equina near maximum dose constraints 

to D0.035cc. We have also included constraints for single fraction (all sites) and 2-fraction (spinal) SABR 

to reflect international SABR developments[28,29]. 

 

Of note, the systematic review by Gerhard et al included constraints used in 53 currently recruiting 

trials[25]. As such, it is possible that safety concerns relating to some of these constraints may become 

apparent when these trials report. Although substantial variability in some OAR constraints was noted 

in the review, the modal and median constraints reported are often closely aligned, if not identical, to 

those in the AAPM TG-101 report[18], again suggesting these have become more established over 

time, rather than being superseded by newer constraints.  In addition, NRG/RTOG trial protocols are 

heavily represented in the Gerhard et al review[25] and the constraints used within these, and those 

reported in APPM TG-101[18], are all based on older versions of ‘Timmerman’s tables’[50,51]. While 

Timmerman acknowledges that the original versions were based on very limited experience [50], as 

our own consensus illustrates, these have become ingrained in ongoing practice. The more recent 

constraints from HyTEC[19], however, which are derived from pooled clinical data and modelling, are 

yet to become fully embedded in clinical practice. 

 

Despite increasing SABR outcome data over the past few years, it remains challenging to accurately 

quantify the risk of severe toxicity related to individual OAR constraints. Modelling work has been 

performed, sometimes with differing results and often with acknowledgement that further data are 

required[20-24,52]. Large scale prospective clinical data are likely to provide the best source of 

individual risk quantification over time. That said, for the majority of patients, the reported overall 

risk of severe toxicity related to SABR appears relatively low but, in a small proportion, can result in 

treatment-related death[9]. Individual patient factors are also likely to have an impact on toxicity risk 

(e.g. vascular disease, previous surgery) but, to date, these also remain relatively poorly described in 

the literature. Similarly, the impact of systemic therapy, in particular small molecule inhibitors and 

immunotherapy, either close in time or concurrent with SABR, on side effect profile has not yet been 

thoroughly investigated. As such, the continuing efforts of groups such as HyTEC will be invaluable in 
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quantifying individual risk going forward, including by providing guidance on how systemic therapies 

may be safely and optimally combined with SABR.  

 

We are aware that, while constraints are provided for different fractionations, these are rarely 

biologically equivalent. For example, the EQD2 (α/β=3 Gy) for the mandatory cardiac constraints 

described here are 110 Gy, 78 Gy, 80.6 Gy for one, three and five fractions, respectively. This likely 

relates to the fact these were often developed based on limited clinical experience[18], without a 

particular radiobiological basis, and continue to be used in practice. There are also large uncertainties 

about the use of the linear-quadratic (LQ) model at high doses per fraction or the correct α/β value in 

this setting[53]. Until more complete modelling data can provide advice to the contrary, constraints 

consistent with those used by other centres worldwide and that largely appear acceptable, will be 

applied. Furthermore, the authors acknowledge that the traditional division of OARs into serial and 

parallel structures, and defining constraints based on these, is not entirely valid. Several OARs have 

both serial and parallel architectures (e.g. lung parenchyma is considered parallel, while the airways, 

including the very small bronchi that would be delineated as lung, are serial in nature; the heart 

contains both serial (coronary arteries) and parallel (myocardium) components[54]). That said, these 

divisions form a useful starting point and, over time, as toxicity and modelling data develop, 

constraints can be adjusted.  

 

Given the current limitations in the available data, ongoing high-quality prospective data collection 

remains essential. While the outcomes from the recent NHS England CtE programme appear 

encouraging, and included over 1400 patients ( the largest dataset for oligometastatic patients treated 

with SABR[8]), it is acknowledged that registry data are often incomplete, limiting their use for future 

modelling. Formal, funded prospective trials are therefore more likely to produce the most reliable 

outcome data to guide future iterations of constraints.  

 

While this consensus provides UK guidelines for SABR OAR constraints, different constraints may be 

required in different clinical scenarios. The Gerhard et al review included trials using SABR for 

oligometastases and, as discussed, modal and median values closely aligned to the AAPM TG-101 

constraints [18]. Over time, however, SABR for a variety of primary disease sites has developed 

further, where the intent of treatment is different, and therefore these constraints may be less 

appropriate. For example, in the setting of SABR for primary prostate cancer, more lenient rectal 

constraints have been necessary to facilitate meaningful coverage and have been shown to result in 

low levels of toxicity[5]. Similarly, in the setting of SABR for primary renal cancer, different constraints 

are recommended based on increasing clinical experience[31] and, for primary pancreatic cancer, less 

stringent luminal constraints have been adopted to allow better target coverage, with acceptable 

toxicity outcomes[32-34]. This current consensus should therefore be considered a general guide for 

SABR but site-specific protocols should also be available to guide clinicians in these settings. 

 

Conclusions 

 

As with the 2017 guidance, the current consensus will require to be reviewed and updated in the 

future as further data emerge and as SABR treatments continue to evolve. Further information is still 

outstanding including, for example, detailed data regarding risk quantification, the impact of other 

treatments and patient-related factors and appropriate constraints for SABR in the re-irradiation 
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setting. As more centres in the UK and worldwide begin to deliver SABR for increasing indications, 

however, we hope that this document provides a useful resource to facilitate safe and consistent 

practice.  

 

 

Acknowledgements: 
We would like to thank Jenny Sherriff (Queen Elizabeth Hospital), Merina Ahmed (Royal Marsden 
NHS Foundation Trust) and Anoop Haridass (Clatterbridge Cancer Centre) for their helpful 
discussions on all matters spinal SABR. 
 
 
 
 
 
[55-57] 
 
 

 

 

 

 

 

References 

 

1.Conventional Care Versus Radioablation (Stereotactic Body Radiotherapy) for Extracranial 
Oligometastases (CORE). Clinical Trials,  https://clinicaltrials.gov/ct2/show/NCT02759783; 
2019 [accessed 17.12.21].  
2.ABC-07 Addition of stereotactic body radiotherapy to systemic chemotherapy in locally 
advanced biliary tract. Cancer Research UK,  http://www.cancerresearchuk.org/about-
cancer/find-a-clinical-trial/a-trial-looking-chemotherapy-stereotactic-radiotherapy-people-
locally-advanced-bile-duct-cancer-abc-07#undefined; 2021 [accessed 17.12.21].  
3.Stereotactic Body Radiotherapy for the Treatment of OPD (HALT),  
https://clinicaltrials.gov/ct2/show/NCT03256981; 2018 [accessed 17.12.21].  
4.Holyoake DLP, Robinson M, Silva M, Grose D, McIntosh D, Sebag-Montefiore D, et al. 
SPARC, a phase-I trial of pre-operative, margin intensified, stereotactic body radiation 
therapy for pancreatic cancer. Radiother Oncol. 2021;155:278-84. 
https://doi.org/10.1016/j.radonc.2020.11.007 
5.Brand DH, Tree AC, Ostler P, van der Voet H, Loblaw A, Chu W, et al. Intensity-modulated 
fractionated radiotherapy versus stereotactic body radiotherapy for prostate cancer (PACE-
B): acute toxicity findings from an international, randomised, open-label, phase 3, non-
inferiority trial. Lancet Oncol. 2019;20(11):1531-43. https://doi.org/10.1016/S1470-
2045(19)30569-8 
6.Franks KN, McParland L, Webster J, Baldwin DR, Sebag-Montefiore D, Evison M, et al. 
SABRTooth: a randomised controlled feasibility study of stereotactic ablative radiotherapy 
(SABR) with surgery in patients with peripheral stage I nonsmall cell lung cancer considered 
to be at higher risk of complications from surgical resection. Eur Respir J. 
2020;56(5):e2000118. https://doi.org/10.1183/13993003.00118-2020 

https://clinicaltrials.gov/ct2/show/NCT02759783
http://www.cancerresearchuk.org/about-cancer/find-a-clinical-trial/a-trial-looking-chemotherapy-stereotactic-radiotherapy-people-locally-advanced-bile-duct-cancer-abc-07#undefined
http://www.cancerresearchuk.org/about-cancer/find-a-clinical-trial/a-trial-looking-chemotherapy-stereotactic-radiotherapy-people-locally-advanced-bile-duct-cancer-abc-07#undefined
http://www.cancerresearchuk.org/about-cancer/find-a-clinical-trial/a-trial-looking-chemotherapy-stereotactic-radiotherapy-people-locally-advanced-bile-duct-cancer-abc-07#undefined
https://clinicaltrials.gov/ct2/show/NCT03256981
https://doi.org/10.1016/j.radonc.2020.11.007
https://doi.org/10.1016/S1470-2045(19)30569-8
https://doi.org/10.1016/S1470-2045(19)30569-8
https://doi.org/10.1183/13993003.00118-2020


 

 13 

7.Conibear J, Chia B, Ngai Y, Bates AT, Counsell N, Patel R, et al. Study protocol for the 
SARON trial: a multicentre, randomised controlled phase III trial comparing the addition of 
stereotactic ablative radiotherapy and radical radiotherapy with standard chemotherapy 
alone for oligometastatic non-small cell lung cancer. BMJ Open. 2018;8(4):e020690. 
https://doi.org/10.1136/bmjopen-2017-020690 
8.Chalkidou A, Macmillan T, Grzeda MT, Peacock J, Summers J, Eddy S, et al. Stereotactic 
ablative body radiotherapy in patients with oligometastatic cancers: a prospective, registry-
based, single-arm, observational, evaluation study. Lancet Oncol. 2021;22(1):98-106. 
https://doi.org/10.1016/S1470-2045(20)30537-4 
9.Palma DA, Olson R, Harrow S, Gaede S, Louie AV, Haasbeek C, 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;393(10185):2051-8. https://doi.org/10.1016/S0140-6736(18)32487-5 
10.Sood SS, Pokhrel D, Badkul R, TenNapel M, McClinton C, Kimler B, et al. Correlation of 
clinical outcome, radiobiological modeling of tumor control, normal tissue complication 
probability in lung cancer patients treated with SBRT using Monte Carlo calculation 
algorithm. J Appl Clin Med Phys. 2020;21(10):56-62. https://doi.org/10.1002/acm2.13004 
11.Solda F, Lodge M, Ashley S, Whitington A, Goldstraw P, Brada M. Stereotactic 
radiotherapy (SABR) for the treatment of primary non-small cell lung cancer; systematic 
review and comparison with a surgical cohort. Radiother Oncol. 2013;109(1):1-7. 
https://doi.org/10.1016/j.radonc.2013.09.006 
12.Palma DA, Olson R, Harrow S, Gaede S, Louie AV, Haasbeek C, et al. Stereotactic Ablative 
Radiotherapy for the Comprehensive Treatment of Oligometastatic Cancers: Long-Term 
Results of the SABR-COMET Phase II Randomized Trial. J Clin Oncol. 2020;38(25):2830-8. 
https://doi.org/10.1200/JCO.20.00818 
13.Phillips R, Shi WY, Deek M, Radwan N, Lim SJ, Antonarakis ES, et al. Outcomes of 
Observation vs Stereotactic Ablative Radiation for Oligometastatic Prostate Cancer: The 
ORIOLE Phase 2 Randomized Clinical Trial. JAMA Oncol. 2020;6(5):650-9. 
https://doi.org/10.1001/jamaoncol.2020.0147 
14.Chang JY, Senan S, Paul MA, Mehran RJ, Louie AV, Balter P, et al. Stereotactic ablative 
radiotherapy versus lobectomy for operable stage I non-small-cell lung cancer: a pooled 
analysis of two randomised trials. Lancet Oncol. 2015;16(6):630-7. 
https://doi.org/10.1016/S1470-2045(15)70168-3 
15.Timmerman R, McGarry R, Yiannoutsos C, Papiez L, Tudor K, DeLuca J, et al. Excessive 
toxicity when treating central tumors in a phase II study of stereotactic body radiation 
therapy for medically inoperable early-stage lung cancer. J Clin Oncol. 2006;24(30):4833-9. 
https://doi.org/10.1200/JCO.2006.07.5937 
16.Tekatli H, Senan S, Dahele M, Slotman BJ, Verbakel WF. Stereotactic ablative 
radiotherapy (SABR) for central lung tumors: Plan quality and long-term clinical outcomes. 
Radiother Oncol. 2015;117(1):64-70. https://doi.org/10.1016/j.radonc.2015.09.028 
17.Hanna GG, Murray L, Patel R, Jain S, Aitken KL, Franks KN, et al. UK Consensus on Normal 
Tissue Dose Constraints for Stereotactic Radiotherapy. Clin Oncol (R Coll Radiol). 
2018;30(1):5-14. https://doi.org/10.1016/j.clon.2017.09.007 
18.Benedict SH, Yenice KM, Followill D, Galvin JM, Hinson W, Kavanagh B, et al. Stereotactic 
body radiation therapy: the report of AAPM Task Group 101. Med Phys. 2010;37(8):4078-
101. https://doi.org/10.1118/1.3438081 

https://doi.org/10.1136/bmjopen-2017-020690
https://doi.org/10.1016/S1470-2045(20)30537-4
https://doi.org/10.1016/S0140-6736(18)32487-5
https://doi.org/10.1002/acm2.13004
https://doi.org/10.1016/j.radonc.2013.09.006
https://doi.org/10.1200/JCO.20.00818
https://doi.org/10.1001/jamaoncol.2020.0147
https://doi.org/10.1016/S1470-2045(15)70168-3
https://doi.org/10.1200/JCO.2006.07.5937
https://doi.org/10.1016/j.radonc.2015.09.028
https://doi.org/10.1016/j.clon.2017.09.007
https://doi.org/10.1118/1.3438081


 

 14 

19.Grimm J, Marks LB, Jackson A, Kavanagh BD, Xue J, Yorke E. High Dose per Fraction, 
Hypofractionated Treatment Effects in the Clinic (HyTEC): An Overview. Int J Radiat Oncol 
Biol Phys. 2021;110(1):1-10. https://doi.org/10.1016/j.ijrobp.2020.10.039 
20.Sahgal A, Chang JH, Ma L, Marks LB, Milano MT, Medin P, et al. Spinal Cord Dose 
Tolerance to Stereotactic Body Radiation Therapy. Int J Radiat Oncol Biol Phys. 
2021;110(1):124-36. https://doi.org/10.1016/j.ijrobp.2019.09.038 
21.Milano MT, Grimm J, Niemierko A, Soltys SG, Moiseenko V, Redmond KJ, et al. Single- 
and Multifraction Stereotactic Radiosurgery Dose/Volume Tolerances of the Brain. Int J 
Radiat Oncol Biol Phys. 2021;110(1):68-86. https://doi.org/10.1016/j.ijrobp.2020.08.013 
22.Kong FS, Moiseenko V, Zhao J, Milano MT, Li L, Rimner A, et al. Organs at Risk 
Considerations for Thoracic Stereotactic Body Radiation Therapy: What Is Safe for Lung 
Parenchyma? Int J Radiat Oncol Biol Phys. 2021;110(1):172-87. 
https://doi.org/10.1016/j.ijrobp.2018.11.028 
23.Miften M, Vinogradskiy Y, Moiseenko V, Grimm J, Yorke E, Jackson A, et al. Radiation 
Dose-Volume Effects for Liver SBRT. Int J Radiat Oncol Biol Phys. 2021;110(1):196-205. 
https://doi.org/10.1016/j.ijrobp.2017.12.290 
24.Milano MT, Grimm J, Soltys SG, Yorke E, Moiseenko V, Tome WA, et al. Single- and Multi-
Fraction Stereotactic Radiosurgery Dose Tolerances of the Optic Pathways. Int J Radiat 
Oncol Biol Phys. 2021;110(1):87-99. https://doi.org/10.1016/j.ijrobp.2018.01.053 
25.Gerhard SG, Palma DA, Arifin AJ, Louie AV, Li GJ, Al-Shafa F, et al. Organ at Risk Dose 
Constraints in SABR: A Systematic Review of Active Clinical Trials. Pract Radiat Oncol. 
2021;11(4):e355-e65. https://doi.org/10.1016/j.prro.2021.03.005 
26.Eaton DJ, Alty K. Dependence of volume calculation and margin growth accuracy on 
treatment planning systems for stereotactic radiosurgery. Br J Radiol. 
2017;90(1080):e20170633. https://doi.org/10.1259/bjr.20170633 
27.International Commission on Radiation Units and Measurements. ICRU Report 91: 
prescribing, recording and reporting of stereotactic treatments with small photon beams. J 
ICRU. 2017;14(2). https://doi.org/doi.org/10.1093/jicru/ndx017 
28.Siva S, Bressel M, Mai T, Le H, Vinod S, de Silva H, et al. Single-Fraction vs Multifraction 
Stereotactic Ablative Body Radiotherapy for Pulmonary Oligometastases (SAFRON II): The 
Trans Tasman Radiation Oncology Group 13.01 Phase 2 Randomized Clinical Trial. JAMA 
Oncol. 2021;7(10):1476-85. https://doi.org/10.1001/jamaoncol.2021.2939 
29.Sahgal A, Myrehaug SD, Siva S, Masucci L, Foote MC, Brundage M, et al. CCTG 
SC.24/TROG 17.06: A Randomized Phase II/III Study Comparing 24Gy in 2 Stereotactic Body 
Radiotherapy (SBRT) Fractions Versus 20Gy in 5 Conventional Palliative Radiotherapy (CRT) 
Fractions for Patients with Painful Spinal Metastases. Int J Radiat Oncol Biol Phys. 
2020;108(5):1397-8. https://doi.org/10.1016/j.ijrobp.2020.09.019 
30.Mir R, Kelly SM, Xiao Y, Moore A, Clark CH, Clementel E, et al. Organ at risk delineation 
for radiation therapy clinical trials: Global Harmonization Group consensus guidelines. 
Radiother Oncol. 2020;150:30-9. https://doi.org/10.1016/j.radonc.2020.05.038 
31.Siva S, Ellis RJ, Ponsky L, Teh BS, Mahadevan A, Muacevic A, et al. Consensus statement 
from the International Radiosurgery Oncology Consortium for Kidney for primary renal cell 
carcinoma. Future Oncol. 2016;12(5):637-45. https://doi.org/10.2217/fon.16.2 
32.Koay EJ, Hanania AN, Hall WA, Taniguchi CM, Rebueno N, Myrehaug S, et al. Dose-
Escalated Radiation Therapy for Pancreatic Cancer: A Simultaneous Integrated Boost 
Approach. Pract Radiat Oncol. 2020;10(6):e495-e507. 
https://doi.org/10.1016/j.prro.2020.01.012 

https://doi.org/10.1016/j.ijrobp.2020.10.039
https://doi.org/10.1016/j.ijrobp.2019.09.038
https://doi.org/10.1016/j.ijrobp.2020.08.013
https://doi.org/10.1016/j.ijrobp.2018.11.028
https://doi.org/10.1016/j.ijrobp.2017.12.290
https://doi.org/10.1016/j.ijrobp.2018.01.053
https://doi.org/10.1016/j.prro.2021.03.005
https://doi.org/10.1259/bjr.20170633
https://doi.org/doi.org/10.1093/jicru/ndx017
https://doi.org/10.1001/jamaoncol.2021.2939
https://doi.org/10.1016/j.ijrobp.2020.09.019
https://doi.org/10.1016/j.radonc.2020.05.038
https://doi.org/10.2217/fon.16.2
https://doi.org/10.1016/j.prro.2020.01.012


 

 15 

33.Colbert LE, Rebueno N, Moningi S, Beddar S, Sawakuchi GO, Herman JM, et al. Dose 
escalation for locally advanced pancreatic cancer: How high can we go? Adv Radiat Oncol. 
2018;3(4):693-700. https://doi.org/10.1016/j.adro.2018.07.008 
34.Herman JM, Chang DT, Goodman KA, Dholakia AS, Raman SP, Hacker-Prietz A, et al. 
Phase 2 multi-institutional trial evaluating gemcitabine and stereotactic body radiotherapy 
for patients with locally advanced unresectable pancreatic adenocarcinoma. Cancer. 
2015;121(7):1128-37. https://doi.org/10.1002/cncr.29161 
35.Adebahr S, Collette S, Shash E, Lambrecht M, Le Pechoux C, Faivre-Finn C, et al. 
LungTech, an EORTC Phase II trial of stereotactic body radiotherapy for centrally located 
lung tumours: a clinical perspective. Br J Radiol. 2015;88(1051):e20150036. 
https://doi.org/10.1259/bjr.20150036 
36.Hurkmans CW, Cuijpers JP, Lagerwaard FJ, Widder J, van der Heide UA, Schuring D, et al. 
Recommendations for implementing stereotactic radiotherapy in peripheral stage IA non-
small cell lung cancer: report from the Quality Assurance Working Party of the randomised 
phase III ROSEL study. Radiat Oncol. 2009;4:e1. https://doi.org/10.1186/1748-717X-4-1 
37.Stereotactic Ablative Radiotherapy for Comprehensive Treatment of Oligometastatic (1-3 
Metastases) Cancer (SABR-COMET-3),  https://clinicaltrials.gov/ct2/show/NCT03862911; 
2021 [accessed 16.12.21].  
38.Peeters KC, van de Velde CJ, Leer JW, Martijn H, Junggeburt JM, Kranenbarg EK, et al. 
Late side effects of short-course preoperative radiotherapy combined with total mesorectal 
excision for rectal cancer: increased bowel dysfunction in irradiated patients--a Dutch 
colorectal cancer group study. J Clin Oncol. 2005;23(25):6199-206. 
https://doi.org/10.1200/JCO.2005.14.779 
39.Marijnen CA, Kapiteijn E, van de Velde CJ, Martijn H, Steup WH, Wiggers T, et al. Acute 
side effects and complications after short-term preoperative radiotherapy combined with 
total mesorectal excision in primary rectal cancer: report of a multicenter randomized trial. J 
Clin Oncol. 2002;20(3):817-25. https://doi.org/10.1200/JCO.2002.20.3.817 
40.Siva S, Chesson B, Bressel M, Pryor D, Higgs B, Reynolds HM, et al. TROG 15.03 phase II 
clinical trial of Focal Ablative STereotactic Radiosurgery for Cancers of the Kidney - 
FASTRACK II. BMC Cancer. 2018;18(1):e1030. https://doi.org/10.1186/s12885-018-4916-2 
41.Trip AK, Sikorska K, van Sandick JW, Heeg M, Cats A, Boot H, et al. Radiation-induced 
dose-dependent changes of the spleen following postoperative chemoradiotherapy for 
gastric cancer. Radiother Oncol. 2015;116(2):239-44. 
https://doi.org/10.1016/j.radonc.2015.07.036 
42.Gwynne S, Wright S, Apostolopoulos F, Nicholas O, Jennings R, Banner R, et al. Spleen - 
The Forgotten Organ at Risk? Clin Oncol (R Coll Radiol). 2021;33(3):e199. 
https://doi.org/10.1016/j.clon.2020.11.011 
43.Yi SK, Mak W, Yang CC, Liu T, Cui J, Chen AM, et al. Development of a standardized 
method for contouring the lumbosacral plexus: a preliminary dosimetric analysis of this 
organ at risk among 15 patients treated with intensity-modulated radiotherapy for lower 
gastrointestinal cancers and the incidence of radiation-induced lumbosacral plexopathy. Int 
J Radiat Oncol Biol Phys. 2012;84(2):376-82. https://doi.org/10.1016/j.ijrobp.2011.11.074 
44.Leeman JE, Chen YH, Catalano P, Bredfeldt J, King M, Mouw KW, et al. Radiation Dose to 
the Intraprostatic Urethra Correlates Strongly With Urinary Toxicity After Prostate 
Stereotactic Body Radiation Therapy: A Combined Analysis of 23 Prospective Clinical Trials. 
Int J Radiat Oncol Biol Phys. 2022;112(1):75-82. 
https://doi.org/10.1016/j.ijrobp.2021.06.037 

https://doi.org/10.1016/j.adro.2018.07.008
https://doi.org/10.1002/cncr.29161
https://doi.org/10.1259/bjr.20150036
https://doi.org/10.1186/1748-717X-4-1
https://clinicaltrials.gov/ct2/show/NCT03862911
https://doi.org/10.1200/JCO.2005.14.779
https://doi.org/10.1200/JCO.2002.20.3.817
https://doi.org/10.1186/s12885-018-4916-2
https://doi.org/10.1016/j.radonc.2015.07.036
https://doi.org/10.1016/j.clon.2020.11.011
https://doi.org/10.1016/j.ijrobp.2011.11.074
https://doi.org/10.1016/j.ijrobp.2021.06.037


 

 16 

45.Dunne EM, Lo SS, Liu MC, Bergman A, Kosztyla R, Chang EL, et al. Thecal Sac Contouring 
as a Surrogate for the Cauda Equina and Intracanal Spinal Nerve Roots for Spine Stereotactic 
Body Radiation Therapy (SBRT): Contour Variability and Recommendations for Safe Practice. 
Int J Radiat Oncol Biol Phys. 2022;112(1):114-20. 
https://doi.org/10.1016/j.ijrobp.2021.08.023 
46.Shaw E, Scott C, Souhami L, Dinapoli R, Kline R, Loeffler J, et al. Single dose radiosurgical 
treatment of recurrent previously irradiated primary brain tumors and brain metastases: 
final report of RTOG protocol 90-05. Int J Radiat Oncol Biol Phys. 2000;47(2):291-8. 
https://doi.org/10.1016/s0360-3016(99)00507-6 
47.Flickinger JC, Kondziolka D, Pollock BE, Maitz AH, Lunsford LD. Complications from 
arteriovenous malformation radiosurgery: multivariate analysis and risk modeling. Int J 
Radiat Oncol Biol Phys. 1997;38(3):485-90. https://doi.org/10.1016/s0360-3016(97)89481-3 
48.Flickinger JC, Kondziolka D, Lunsford LD, Kassam A, Phuong LK, Liscak R, et al. 
Development of a model to predict permanent symptomatic postradiosurgery injury for 
arteriovenous malformation patients. Arteriovenous Malformation Radiosurgery Study 
Group. Int J Radiat Oncol Biol Phys. 2000;46(5):1143-8. https://doi.org/10.1016/s0360-
3016(99)00513-1 
49.Lawrence YR, Li XA, el Naqa I, Hahn CA, Marks LB, Merchant TE, et al. Radiation dose-
volume effects in the brain. Int J Radiat Oncol Biol Phys. 2010;76(3 Suppl):S20-7. 
https://doi.org/10.1016/j.ijrobp.2009.02.091 
50.Timmerman R. A Story of Hypofractionation and the Table on the Wall. Int J Radiat Oncol 
Biol Phys. 2022;112(1):4-21. https://doi.org/10.1016/j.ijrobp.2021.09.027 
51.Timmerman RD. An overview of hypofractionation and introduction to this issue of 
seminars in radiation oncology. Semin Radiat Oncol. 2008;18(4):215-22. 
https://doi.org/10.1016/j.semradonc.2008.04.001 
52.Grimm J, Sahgal A, Soltys SG, Luxton G, Patel A, Herbert S, et al. Estimated Risk Level of 
Unified Stereotactic Body Radiation Therapy Dose Tolerance Limits for Spinal Cord. Semin 
Radiat Oncol. 2016;26(2):165-71. https://doi.org/10.1016/j.semradonc.2015.11.010 
53.Kirkpatrick JP, Brenner DJ, Orton CG. Point/Counterpoint. The linear-quadratic model is 
inappropriate to model high dose per fraction effects in radiosurgery. Med Phys. 
2009;36(8):3381-4. https://doi.org/10.1118/1.3157095 
54.Grosu AL, Sprague LD, Molls M. Definition of Target Volume and Organs at Risk. 
Biological Target Volume. In: Schlegel W, Bortfeld T, Grosu A, editors. New Technologies in 
Radiation Oncology/Medical Radiology, Berlin: Springer; 2006, p. 167-77. 
55.Hiniker SM, Modlin LA, Choi CY, Atalar B, Seiger K, Binkley MS, et al. Dose-Response 
Modeling of the Visual Pathway Tolerance to Single-Fraction and Hypofractionated 
Stereotactic Radiosurgery. Semin Radiat Oncol. 2016;26(2):97-104. 
https://doi.org/10.1016/j.semradonc.2015.11.008 
56.Tamura M, Carron R, Yomo S, Arkha Y, Muraciolle X, Porcheron D, et al. Hearing 
preservation after gamma knife radiosurgery for vestibular schwannomas presenting with 
high-level hearing. Neurosurgery. 2009;64(2):289-96; discussion 96. 
https://doi.org/10.1227/01.NEU.0000338256.87936.7C 
57.NRG Oncology. NRG-BR001. A Phase 1 Study of Stereotactic Body Radiotherapy (SBRT) 
for the Treatment of Multiple Metastases. Study protocol. Version 11.13.15,  
https://med.uc.edu/docs/default-source/cancercenter/all-
protocols/lung/br001_amendment-3-protocol_13nov2015.pdf?sfvrsn=b33f4734_6; 2015 
[accessed 17.12.21].  

https://doi.org/10.1016/j.ijrobp.2021.08.023
https://doi.org/10.1016/s0360-3016(99)00507-6
https://doi.org/10.1016/s0360-3016(97)89481-3
https://doi.org/10.1016/s0360-3016(99)00513-1
https://doi.org/10.1016/s0360-3016(99)00513-1
https://doi.org/10.1016/j.ijrobp.2009.02.091
https://doi.org/10.1016/j.ijrobp.2021.09.027
https://doi.org/10.1016/j.semradonc.2008.04.001
https://doi.org/10.1016/j.semradonc.2015.11.010
https://doi.org/10.1118/1.3157095
https://doi.org/10.1016/j.semradonc.2015.11.008
https://doi.org/10.1227/01.NEU.0000338256.87936.7C
https://med.uc.edu/docs/default-source/cancercenter/all-protocols/lung/br001_amendment-3-protocol_13nov2015.pdf?sfvrsn=b33f4734_6
https://med.uc.edu/docs/default-source/cancercenter/all-protocols/lung/br001_amendment-3-protocol_13nov2015.pdf?sfvrsn=b33f4734_6


 

 17 

 



 

 18 

Table 1. Serial-like and parallel-like organs at risk 
 

Organ type Dose-volume constraint descriptor Notation Example 

Serial-like 
(e.g. spinal cord and 

esophagus) 

Critical maximum 
volume18 

The threshold dose, or higher, that can be given to a specified 
(typically small) volume of the organ, with the remaining 
volume receiving less than the threshold dose – may be 
termed a ‘hot’ constraint 

Dxxcc ≤ yy Gy 
The dose to 0.035 cc of the spinal 

cord should be less than or equal to 
14 Gy (D0.035cc ≤14 Gy) 

Parallel-like 
(e.g. lungs, liver and 

kidneys) 

Critical maximum 
volume18 

The maximum critical volume (percentage or absolute) of the 
organ that can receive a specified threshold dose, or higher VxxGy ≤ xx% (or cc) 

The normal lung volume receiving 20 
Gy or higher should be less than or 

equal to 10% (Lung V20Gy ≤10%) 

Critical minimum 
volume18 

The minimum critical volume of the organ that must receive a 
specified threshold dose or lower (i.e. be spared from 
receiving a dose higher than the threshold dose) – may be 
termed a ‘cold’ constraint 

D≥xxcc ≤ yy Gy 
(equivalent to 

DVTOT-xxcc ≤ yy Gy†) 

For a combined kidney volume of 
250cc, at least 200cc should receive a 
dose of 16Gy or lower (D≥200cc ≤16 Gy, 
used as a ‘cold’ constraint†; or D50cc 

≤16 Gy, used as a ‘hot’ constraint†) 

†Some TPSs allow the user to record ‘cold’ constraints directly, however many do not and therefore these require adjusting into a ‘hot’ (standard) constraint format; VTOT Is the total 
volume of the organ 
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Table 2: Thoracic constraints 
 

Structure Metric 
1 Fraction 3 Fractions 5 Fractions 8 Fractions 

End point 
Optimal Mandatory Optimal Mandatory Optimal Mandatory Optimal Mandatory 

BrachialPlex D0.1cc   15 Gy28   24 Gy9,18,25,37 30.5 Gy18,25,37 32 Gy9,25 35 Gy25,37 39 Gy9 Grade 3+ neuropathy 

Bronchus_Prox D0.1cc   20.2 Gy18,25   30 Gy9,18,25 35 Gy36 38 Gy9   40 Gy9 
Grade 3+ 

stenosis/fistula 

Chestwall 
D0.1cc 30 Gy18,25   36.9 Gy18   43 Gy18,25       Grade 3+ 

fracture/pain D30cc     30 Gy18, 25           

Esophagus D0.1cc   15.4 Gy18,25   25.2 Gy18   35 Gy9,18,25   40 Gy9,25 
Grade 3+ 

stenosis/fistula 

GreatVes D0.1cc   30 Gy28   45 Gy9,18,25   53 Gy9,18,25 60 Gy 65 Gy9,25 Grade 3+ aneurysm 

Heart+A_Pulm D0.1cc   22 Gy9,18,25 26 Gy36 30 Gy9,18,25 29 Gy36 38 Gy9,18,25 40 Gy 46 Gy9,25† Grade 3+ pericarditis 

Lungs (non-lung 
lesions) & Lungs-
ITV (lung lesions) 

V20Gy 10%22 15%22 10%22 15%22 10%22 15%22 10% 15% 
Grade 3+ 

pneumonitis Dmean   8 Gy   8 Gy22   8 Gy22   8 Gy 

Skin 
D0.1cc   26 Gy18,25 33 Gy18,25   39.5 Gy9,18,25   48 Gy25,37   

Grade 3+ ulceration 
D10cc   23 Gy18,25 30 Gy18,25   36.5 Gy18,25   44 Gy25,37   

Trachea D0.1cc   20.2 Gy18,25   30 Gy9,18,25 35 Gy36 38 Gy9   40 Gy9 
Grade 3+ 

stenosis/fistula 

†If not achievable, drop prescription dose to 50 Gy 
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Table 3: Abdominal constraints 
 

Structure Metric 
1 Fraction 3 Fractions 5 Fractions 

End point (if available) 
Optimal Mandatory Optimal Mandatory Optimal Mandatory 

BileDuct_Common D0.1cc   30 Gy25 50 Gy   50 Gy2,4     

Bowel_Small 

D0.1cc   15.4 Gy18,25   25.2 Gy18,25 30 Gy 35 Gy18,25 
Grade 3+ 

enteritis/obstruction 
D5cc   11.9 Gy18,25   17.7 Gy18,25     

D10cc         25 Gy25   

Duodenum 
D0.1cc   12.4 Gy18,25   22.2 Gy18,25 33 Gy 35 Gy2,4 

Grade 3+ ulceration 
D10cc   9 Gy18,25   11.4 Gy18,25 25 Gy2,4   

Kidney_Cortex 
(individual/combined) 

Dmean     8.5 Gy25‡   10 Gy2,4   

Grade 3+ renal function 
dysfunction 

Kidney_Cortex (combined) D≥200cc   8.4 Gy18,25   16 Gy18,25   17.5 Gy18,25 

If solitary kidney or one 
Kidney_Cortex Dmean >10Gy 

V10Gy   33%40   33%40 10%2,4 45%2,4 

Liver (non-liver lesions) & 
Liver-GTV (liver lesions)† 

D≥700cc   9.1 Gy18,25 15 Gy23,25 17 Gy23 15 Gy23   Grade 3+ liver function 
dysfunction V10Gy         70%2,4   

Dmean     13 Gy23 15 Gy23 13 Gy2 15.2 Gy2,25 
Radiation-induced liver 

disease (classic or non-classic) 

Spleen Dmean   report   report   report   

Stomach 

D0.1cc   12.4 Gy18,25   22.2 Gy18,25 33 Gy2,4,25 35 Gy2,4 

Grade 3+ ulceration/fistula D10cc   11.2 Gy18,25   16.5 Gy18,25 25 Gy2,4.25   

D50cc         12 Gy2,4   

†Patients with primary liver tumours are generally considered at greater risk of toxicity and so optimal constraints should be favoured, where applicable. For HCC, optimal Dmean for 3 fractions 
should be applied as mandatory. 
‡Equivalent to 10 Gy for 5 fractions using α/β=3 Gy 
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Table 4: Pelvic constraints 
 

Structure Metric 
1 Fraction 3 Fractions 5 Fractions End point  

(if available, from AAPM18) Optimal Mandatory Optimal Mandatory Optimal Mandatory 

Bladder D0.1cc   18.4 Gy18,25   28.2 Gy18,25   38 Gy18,25 Grade 3 cystitis/fistula 

Bowel_Large D0.1cc   18.4 Gy18,25   28.2 Gy18,25   38 Gy18,25 Grade 3+ colitis/fistula 

FemurHeadNeck D10cc 14 Gy18,25   21.9 Gy18,25   30 Gy18,25   Grade 3+ necrosis 

LumbSacPlex 
D0.1cc 16 Gy18,25   24 Gy18,25   32 Gy18,25   

Grade 3+ neuritis 
D5cc 14.4 Gy18,25   22.5 Gy18,25   30 Gy18,25   

Rectum D0.1cc   18.4 Gy18,25   28.2 Gy18,25   38 Gy18,25 Grade 3+ proctitis/fistula 

Ureter D0.1cc   35 Gy25   40 Gy25,57       

Urethra D0.1cc   report   report   report   

 

 

 

Table 5: Spinal constraints 
 

Structure Metric 
1 Fraction 2 Fractions 3 Fractions 5 Fractions 8 Fractions 

End point 
Optimal Mandatory Optimal Mandatory Optimal Mandatory Optimal Mandatory Optimal Mandatory 

CaudaEquina & 
SpinalCanal (below 
level of the cord) 

D0.035cc   16 Gy18,25   17 Gy25,29   24 Gy18,25   32 Gy18,25     AAPM18: Grade 3+ 
neuritis 

D5cc   14 Gy18,25       21.9 Gy18,25   30 Gy18,25     

SpinalCord_PRV 
(vertebral lesions) 

& SpinalCanal (non-
vertebral lesions) 

D0.035cc 12.4 Gy29 14 Gy25,29   17 Gy25,29   20.3 Gy29   25.3 Gy29   32 Gy9,25 
Sahgal29: Radiation 

myelopathy  
(1-5% risk for 1-5#) 
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Table 6: Intracranial constraints 
 

Structure Metric 
1 Fraction 3 Fractions 5 Fractions 

End point 
Optimal Mandatory Optimal Mandatory Optimal Mandatory 

Brain (including 
targets)† 

V12Gy 10-15 cc21           Milano21: Symptomatic 
radiation necrosis (1#), 

oedema/necrosis (3 & 5#) D20cc     20 Gy21   24 Gy21   

Brainstem (not 
medulla) 

D0.035cc 10 Gy‡ 15 Gy18 18 Gy‡ 23.1 Gy18 23 Gy‡ 31 Gy18 
AAPM18: Grade 3+ cranial 

neuropathy 

Cochlea Dmean 4 Gy56   17.1 Gy   25 Gy   Grade 3+ hearing loss 

Lens D0.035cc 1.5 Gy           Cataract formation 

OpticPathway D0.035cc 8 Gy‡ 10 Gy18,24,25 15 Gy55 20 Gy24 22.5 Gy55 25 Gy18,24,25 

AAPM18: Grade 3+ optic 
neuritis; Hiniker55/Milano24: 
Grade 4 radiation-induced 

optic neuropathy 

Orbit D0.1cc 8 Gy           Retinopathy 

†Based on modelling by HyTEC21, V12Gy of 5cc, 10 cc and >15cc was associated with an approximate symptomatic necrosis risk of 10%, 15% and 20% respectively for brain metastases. 
Individual risk/benefit and therapeutic goals need to be considered when reviewing this metric locally on a per-patient basis. 
‡Derived from AAPM18 TG-101 D0.5cc constraints for brainstem and D0.2cc constraint for optic pathway. 

 

 

 

 

 

 

 

 

 


