
HAL Id: hal-05042907
https://hal.science/hal-05042907v1

Submitted on 9 Jul 2025

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

Distributed under a Creative Commons CC BY-NC 4.0 - Attribution - Non-commercial use - International
License

Highly hypofractionated schedules for localized prostate
cancer: Recommendations of the GETUG radiation oncology

group
Ariane Lapierre, Christophe Hennequin, Amandine Beneux, Sarah Belhomme,
Nicolas Benziane Ouaritini, Marie-Claude Biston, Gilles Crehange, Renaud de

Crevoisier, Jean-Luc Dumas, Maher Fawzi, et al.

To cite this version:
Ariane Lapierre, Christophe Hennequin, Amandine Beneux, Sarah Belhomme, Nicolas Benziane Ouari-
tini, et al.. Highly hypofractionated schedules for localized prostate cancer: Recommendations of the
GETUG radiation oncology group. Critical Reviews in Oncology/Hematology, 2022, 173, pp.103661.
⟨10.1016/j.critrevonc.2022.103661⟩. ⟨hal-05042907⟩

https://hal.science/hal-05042907v1
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr


 1 

 

Highly hypofractionated schedules for localized prostate cancer: 

Recommendations of the GETUG radiation oncology group  
 

 

Ariane Lapierre, Christophe Hennequin, Amandine Beneux, Sarah Belhomme, Nicolas 

Benziane, Marie-Claude Biston, Gilles Crehange, Renaud de Crevoisier, Jean-luc Dumas, Maher 

Fawzi, Albert Lisbona, David Pasquier, Sandra Pelissier, Pierre Graff-Cailleaud, Pascal 

Pommier, Paul Sargos, Jean-Marc Simon, Stéphane Supiot, Florence Tantot, Olivier Chapet 

 

Corresponding author: O. Chapet 

 

 

Affiliations 

 
Ariane Lapierre: Département of de radiothérapie oncologie, centre hospitalier universitaire Lyon Sud, 

165, chemin du Grand-Revoyet, 69495 Pierre-Bénite, France; Université de Lyon, 69000 Lyon, France 

Christophe Hennequin: Department of Radiation Oncology, Hôpital Saint-Louis, 75475, Paris, France 

Amandine Beneux: Service de Physique Médicale et de Radioprotection, centre hospitalier universitaire 

Lyon Sud, 165, chemin du Grand-Revoyet, 69495 Pierre-Bénite, France 

Sarah Belhomme: Radiation Oncology Department, Bergonie Institute, 229, cours de l’Argonne, 33076 

Bordeaux Cedex, France 

Nicolas Benziane: Radiation Oncology Department, Bergonie Institute, 229, cours de l’Argonne, 33076 

Bordeaux Cedex, France 

Marie-Claude Biston: Léon Bérard Cancer Center, University of Lyon, France; Université de Lyon, CREATIS, 

CNRS UMR5220, Inserm U1044, INSA, Lyon, France. 

Gilles Crehange: Département de radiothérapie oncologique, institut Curie, 26, rue d'Ulm, 75005 Paris, 

France 

Renaud de Crevoisier: Département de Radiothérapie, Centre Eugène Marquis, Rennes 

Jean-luc Dumas: Institut Curie, Radiotherapy department / Medical physics, 26 rue d’Ulm, 75005 PARIS 

cedex , France 

Maher Fawzi: Institut Curie, Site Saint Cloud, Service de Radiotherapie, 35, rue Dailly 92210 Saint Cloud 

Albert Lisbona: Medical Physics Department Institut de Cancérologie de l’Ouest, Bd J. Monod, 44805 Saint 

Herblain France 

David Pasquier: Academic Department of Radiation Oncology, Centre Oscar Lambret, Lille; CRIStAL UMR 

9189, Lille University 

Sandra Pelissier GETUG Group, Unicancer, Paris, France 

Pierre Graff-Cailleaud: University Institute of Cancer Toulouse-Oncopôle, Toulouse, France 

Pascal Pommier: Radiotherapy Department, Centre Léon Bérard, Lyon, France 

Paul Sargos: Radiation Oncology Department, Bergonie Institute, Bordeaux, France 

© 2022 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/

Version of Record: https://www.sciencedirect.com/science/article/pii/S1040842822000853
Manuscript_92e721167b4f603fc3c0cc6444c042fd

https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S1040842822000853
https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S1040842822000853


 2 

Jean-Marc Simon: Department of Radiotherapy, Sorbonne Université, Assistance Publique-Hôpitaux de 

Paris, Pitié-Salpêtrière University Hospital, Paris, France 

Stéphane Supiot: Department of Radiation Oncology, Institut de Cancérologie de l'Ouest, Nantes, St-

Herblain, France 

Florence Tantot: GETUG Group, Unicancer, Paris, France 

Olivier Chapet: Département of de radiothérapie oncologie, centre hospitalier universitaire Lyon Sud, 165, 

chemin du Grand-Revoyet, 69495 Pierre-Bénite, France; Université de Lyon, 69000 Lyon, France. 

olivier.chapet@chu-lyon. 

 

Short biography: 

Ariane Lapierre MD, PhD is a Radiation Oncologist at the Centre Hospitalier Lyon Sud, Pierre Benite, 

France. 

Christophe Hennequin MD, PhD is the head of the Radiation Oncology department at the Saint Louis 

Hospital, Paris, France 

Amandine Beneux PhD is a Medical Physicist at the Centre Hospitalier Lyon Sud, Pierre Benite, France. 

Sarah Belhomme MSc is a Medical Physicist at the Bergonie Institute, Bordeaux, France. 

Nicolas Benziane MD is a Radiation Oncologist at the Bergonie Institute, Bordeaux, France. 

Marie-Claude Biston PhD is a Medical Physicist at the Centre Léon Bérard Cancer Center, Lyon, France. 

Gilles Crehange Md, PhD is the head of the Radiation Oncology department at Institut Curie, Paris, France. 

Renaud de Crevoisier MD, PhD is the head of the Radiation Oncology department at the Centre Eugène 

Marquis, Rennes, France. 

Jean-Luc Dumas PhD is a Medical Physicist at Institut Curie, Paris, France. 

Maher Fawzi MSc is a Medical Physicist at Institut Curie, Paris, France. 

Albert Lisbona PhD is a Medical Physicist at the Institut de Cancérologie de l’Ouest, Saint Herblain, France 

David Pasquier MD, PhD is a Radiation Oncologist at the Centre Oscar Lambret, Lille, France. 

Sandra Pelissier is a Clinical Trial Manager at Unicancer. 

Pierre Graff-Cailleaud MD, PhD is a Radiation Oncologist at the Institute of Cancer Toulouse-Oncopôle, 

Toulouse, France. 

Pascal Pommier MD, PhD is a Radiation Oncologist at the Institute of Centre Léon Bérard, Lyon, France. 

Paul Sargos Md, PhD is a Radiation Oncologist at the Bergonie Institute, Bordeaux, France. 

Jean-Marc Simon MD, PhD is the head of the Radiation Oncology department at the Pitié-Salpêtrière 

University Hospital, Paris, France 

Stéphane Supiot MD, PhD is the head of the Radiation Oncology department at the Institut de Cancérologie 

de l’Ouest, Saint Herblain, France 

Florence Tantot is a Senior Clinical Trial Manager at Unicancer. 



 3 

Olivier Chapet, MD, PhD is the head of the Radiation Oncology department at the Centre Hospitalier Lyon 

Sud, Pierre Benite, France.  



 1 

Table of contents 

 
1. Methods 
2. Results 

2.1 Indications 

2.1.1 Review of the literature 
2.1.2 Indications 
2.1.3 Contraindications 

2.2 Technical aspect: Target volumes 

2.2.1 Necessary imaging techniques for radiotherapy planning and planning: 
CT-scan acquisition protocol 

2.2.2 Volumes 
2.2.3 Doses 

2.3 Organs at risk 
2.3.1 Rectum 
2.3.2 Urinary tract and Bladder 
2.3.3 Other organs 

2.4 Image-guided radiotherapy 
3. Discussion 
 

 

Abstract 

 

Stereotactic body radiotherapy (SBRT) has become treatment option for localized prostate 

cancer but the evidence base remains incomplete. Several clinical studies, both prospective 

and retrospective, have been published. However, treatment techniques, target volumes and 

dose constraints lack consistency between studies. Based on the current available literature, 
the French Genito-Urinary Group (GETUG) suggests that:  

- Because large prospective trials are lacking, SBRT could not be considered as a 

standard, but could be proposed as an option after patients have been given appropriate 

information and counselling 

- Good candidates for SBRT are patients of the favorable or intermediate favorable 

groups 
-  5 fractions of 7.25 Gy, for a total prescribed dose of 36.25 Gy seems both safe and 

effective.  

- Volume of interest delineation (target volume and organs at risk) and margins, dose 
constraints and radiotherapy techniques that should be used are also discussed. 
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Introduction 

Moderately hypofractionated radiotherapy regimens are now the standard of care for patients 

with localized prostate cancer (PCa) [1–3]. The GETUG group has recently published 

recommendations on dose constraints in this setting [4]. Highly hypofractionated regimens 

(HHFR) have been evaluated in several retrospective and prospective phase II studies, 

combined in one meta-analysis [5–10], using stereotactic body radiotherapy (SBRT) 

techniques, with Cyberknife or Volumetric arc therapy (VMAT). So far, only two randomized 

trial have been published [11,12]. The first one, used seven fractions of 6.1 Gy and the more 

recent PCE-B trial used 7.25 Gy fractions. In both trials, there was no significant differences in 

toxicity between conventional (78 Gy). and highly hypofractionated schedules although the 

follow-up is rather short in both studies. To date, prostate SBRT cannot be considered as a 

standard of care, but is a valid treatment option. However, based on the large number of 

published series and ongoing randomized trials, prostate SBRT may soon be proven to be 

equivalent to conventional fractionation. This prompts the radiation oncology group of the 

GETUG to define the best regimen actually available and to propose some recommendations 

regarding its use within clinical trials or as a treatment option for some patients. 

 

1. Methods 

A literature review of the last fifteen years was performed in PubMed/MEDLINE in November 

2019. The search strategy used the following MeSH terms: Prostate Neoplasms AND 

Radiotherapy with the additional terms: stereotactic OR highly hypofractionated. We 

identified over 30 studies on prostate SBRT. Discussions about indications, SBRT techniques, 

dosimetry, dose constraints and quality control were conducted within the GETUG group. After 

careful consideration of each proposition, the subsequent decisions were included in the 

guidelines when a consensus between all participants was reached. 

A first draft was elaborated and proposed to all participants. Remarks and modifications were 

taking into account to design a second draft. After new modifications, approval by all 

participants was obtained. The final version of these recommendations is presented here. 

 

2. Results 

2.1 Indications 

2.1.1 Review of the literature 

A literature review was performed and summarized in table 1  
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Article Inclusion 

years 

N Study type Number 

of 

fraction 

Dose per 

fraction 

(Gy) 

Total 

dose 

(Gy) 

Radiotherapy 

device 

Tracking 

method 

Patient characteristics  

(d’Amico risk classification) 

Median 

follow 

up time 
(months) 

Early toxicity 

≥ grade3 

Late toxicity 

  ≥ grade 3 

Actuarial 

FFBF 

         Low 

risk 

Intermediate 

risk 

High 

risk 

 
GI GU GI GU  

King [13] 2003-

2011 

1100 phase II 5 7-8 35-40 CyberKnife® implanted 

gold 

markers 

58% 30% 11% 36 NA NA NA NA 93% at 5 yrs 

Friedland 

[14] 

2005-

2006 

112 retrospective 5 7-7.2 35-36 CyberKnife® implanted 

gold 

markers 

NA NA NA 24 0% 0% 1% 0% 97% at 3 yrs 

Widmark 

[12] 

2005-

2015 

602 phase III 7 6.1 42.7 NA implanted 

gold 

markers 

0% 89% 11% 60 NA NA 1.5% 4.2% 84% at 5 yrs 

Bolzicco 

[15] 

2006-

2009 

100 prospective 5 7 35 CyberKnife® implanted 

gold 

markers 

41% 42% 17% 36 0% 0% 0% 1% 94.40% at 3 

yrs 

Katz [16] 2006-

2010 

477 retrospective 5 7-7.25 35-

36.25 

CyberKnife® implanted 

gold 

markers 

68% 32% 0% 72 
   

1.70% 93.70% at 7 

yrs 

Mantz [17] 2007-

2009 

102 retrospective 5 8 40 Truebeam® Calypso® 68% 32% 0% 60 0% 2% 0% 0% 100% at 5 yrs 

Bernetich 

[18] 

2007-

2012 

142 retrospective 5 7-7.5 35-

37.5 

CyberKnife® implanted 

gold 

markers 

43% 44% 13% 38 0% 2% 0% 2% 92.70% at 5 

yrs 

Meier [7] 2008-

2010 

309 phase II 5 8 40 CyberKnife® implanted 

gold 

markers 

56% 44% 0% 61 0% 0% 0% 1.30% 95.60% at 5 

yrs 

Chen [19] 2008-

2010 

100 retrospective 5 7-7.25 35-

36.25 

CyberKnife® implanted 

gold 

markers 

37% 55% 8% 28 0% 0% 0% 1% 99% at 2 yrs 

Zelefsky 

[20] 

2011-

2016 

136 phase I 5 6.5-8 32.5-

40 

Varian LINAC implanted 

gold 

markers 

NA NA 0% 46 0% 0.70% 0% 0.70% 89.20% at 3 

yrs 

Quon [8] 2012-

2013 

152 phase II 5 8 40 LINAC implanted 

gold 

markers 

14% 86% 0% 48 0% 2% 0.70% 5% NA 

Brand [11] 2012-

2018 

415 phase III 5 7.25 36.25 CyberKnife® 

or LINAC 

implanted 

gold 

markers 

7% 93% 0% 3 2.4% 0.2% NA NA NA 

 

Table 1: Major studies (over 100 patients) on stereotactic body radiotherapy for localized prostate cancer   

N: patient number, NA: unavailable data, GI: gastrointestinal, GU: genitourinary, FFBF: freedom from biochemical failure, yrs: years 
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Although mostly non-randomized and including patients of different risk groups, these studies 

show good results in terms of biochemical control, over 90% at 3-5 years [5,7–10,12,11,21,14–

18,20,22,23]. Early and late toxicity rates (both genitourinary and gastrointestinal) were also 

low, under 2% in most studies.  

 

Only two randomized trials have been published so far [11,12]. They both compared 78 Gy in 

39 fractions to a SBRT regimen (42.7 Gy in 7 fractions or 36.25 Gy in 5 fractions, 3 days per 

week). One thousand and fifty-four patients were enrolled in the HYPO-RT-PC trial, and 874 in 

the PACE-B trial. Most of the patients were of intermediate risk in both studies (89% and 93% 

respectively). Unfortunately, no distinction was made between favorable and unfavorable 

intermediate risk groups. No androgen deprivation treatment (ADT) was allowed. With a 

median follow-up of 5 years, there was no difference between the two regimens (biochemical 

and/or clinical control: 84% in both groups) in the HYPO-RT-PC trial.  Initially designed as 

superiority trial, with a one-sided comparison test, the study was secondarily transformed in 

a non-inferiority trial, with a pre-specified margin of 4%, corresponding to a critical hazard 

ratio of 1.338. Thus, the authors drew the conclusion that this regimen is not inferior to 

conventional fractionation. Regarding toxicity, although early urinary toxicity was higher for 

the hypofractionated regimen (6% vs 2% grade 2 or more toxicity at 1 year, p=0.0037), there 

was no significant difference in late urinary symptoms, or in gastrointestinal symptoms, 

whether early or late [12].  

The PACE-B trial has recently published preliminary results which only incuded acute toxicity 

results. In this study, there was no significant difference in either urinary or gastrointestinal 

acute toxicity in the SBRT group (27% vs 23% grade 2 or more  urinary toxicity, 12% vs 10% 

grade 2 or more gastrointestinal toxicity) [11].  

Another randomized trial (NCT03367702), comparing SBRT (5 fractions of 7.25 Gy) to 

hypofractionated IMRT (28 fractions of 2.5 Gy) is currently recruiting and additional results 

should soon be published. 

 

2.1.2 Indications 

All participants agree that the level of proof for prostate SBRT regarding efficacy is good but 

not strong. 

HHFR cannot be considered as a standard of care yet, but can be offered as a therapeutic option 

to the patients, after information on the limited number of randomized trials in this setting. 
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Most of the studies have included patients of low- or favorable intermediate-risk groups, 

according to NCCN classification [24]. Due to the lack of data in higher-risk groups and the lack 

of specific studies in this subset of patients, all participants agree that only low- or favorable 

intermediate-risk groups should be considered for prostate SBRT. 

As such, GETUG participants advise against the use of prostate SBRT in ISUP 3 prognostic group 

patients. Moreover, short-term ADT should be discussed in the unfavorable intermediate-risk 

group. 

Furthermore, active surveillance should be proposed to low-risk patients whenever possible. 

In conclusion, patients in the intermediate favorable prognostic group are the best 

candidates for a SBRT regimen. 

All participants strongly agree that enrollment in clinical trials should be encouraged 

whenever available. 

 

2.1.3 Contraindications 

History of trans-urethral resection of the prostate (TURP) does not contra-indicate prostate 

SBRT. However, a delay of at least 3 months between TURP and radiotherapy must be 

observed. 

Satisfactory urinary function (IPSS (International Prostatic symptom score ) ≤ 15) and a 

prostate volume ≤ 80 cc are recommended. Patients with larger prostate volumes (over 100 

cc) or recent history of TURP show a higher level of grade 3 urinary toxicity in studies [25,26]. 

As such, although not a strict contra indication as long as OAR constraints are met, authors 

advise caution in treating large prostates with SBRT. 

Classical contra-indications of pelvic radiotherapy must be observed in SBRT setting as well 

(previous history of pelvic irradiation, chronic inflammatory bowel disease, …). 

 

2.2 Technical aspect: Target volumes 

 

2.2.1 Necessary imaging techniques for radiotherapy planning and planning: CT-scan 

acquisition protocol 

Prostate MRI (with T2-weighted and gadolinium enhanced T1-weighted images) is mandatory 

for local PCa staging (i.e. to ensure the lack of extracapsular, seminal vesicles or pelvic nodes 

involvement) and highly recommended for the delineation of the clinical target volume (CTV).  

Implantation of three fiducial markers in the prostate before MRI evaluation and treatment is 

highly recommended [27]. 
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Registration with MRI images, after fiducial markers implantation, is strongly recommended, 

although not mandated. In both HYPO-RT-PC and PACE-B randomized trials, fiduciary-based 

registration was performed [11,12]. IGRT can be performed using either fiducial markers or 

CT-based approaches with soft-tissue matching, although  a combination of the two is strongly 

advised [28]. When available, intrafraction motion tracking must also be considered. 

Most of the following recommendations are identical to those used in moderately 

hypofractionated schedules [4].  

For the planning CT, patients should be placed in a supine position, arms folded on the chest. 

Different immobilization systems can be used (leg and foot rests, customized mattress). CT-

scan images must be acquired in 2-mm or less slice thickness acquisition, beginning at L5 

vertebra to below the lesser trochanters of both femoral heads. 

If an MRI-CT-scan registration is not performed, contrast enhancement is recommended, in 

order to better visualize the prostate-bladder interface for segmentation. 

 

The rectum must be empty. This must be thoroughly checked before every treatment fraction. 

If necessary (rectal distension ≥ 4 cm in anterior-posterior diameter [29]), a rectal enema can 

be performed before the CT-scan acquisition, but must be, in this case, repeated before every 

treatment fraction to ensure reproducibility. The bladder must be “comfortably full”, i.e. 

bladder dome should exceed the upper limit of femoral heads [30]. 

 

2.2.2 Volumes 

CTV definition differs between studies, with some including 1 cm of seminal vesicle for 

intermediate risk patients [11]. However, since the participants recommend that SBRT be 

limited to patients of low- or favorable intermediate-risk, GETUG members agree that the 

clinical target volume (CTV) should only include the prostate gland. 

The planning target volume (PTV) is an automatic expansion of the CTV with a 5 mm margin 

in all directions, except for the posterior margin, which must be reduced to 3 mm, as 

recommended by the ASTRO [31], and used in most studies (except for the HYPO-RT-PC trial, 

where the CTV to PTV margin was 7mm). 

 

2.2.3 Doses 

Based on the literature review, 5 fractions of 7.25 Gy, for a total prescribed dose to the PTV of 

36.25 Gy seems both safe and effective. This schedule can be delivered either daily or every 

other day, although toxicity appears slightly higher when treatment is delivered on a daily 
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basis [7]. Although used in only one trial, the fractionation regimen of the HYPO-RT-PC study 

(7 fractions of 6.1 Gy, every other day) is the only regimen proven to be safe and effective in a 

phase III study, and cannot be overlooked [12]. 

The PACE-B trial suggested an additional CTV dose target of 40 Gy, but this cannot be 

considered as a standard procedure yet as it was only used in one trial [11]. 

As per ICRU guidelines, GETUG members recommend that the dose be prescribed on the 100% 

isodose, which means that the dose to the PTV is to be kept between 95 and 107%. Although 

several dose-escalation studies in prostate SBRT show promising results with acceptable 

toxicity rates [12,32], this point needs to be further assessed by prospective studies, and 

GETUG members agree that dose escalation within the PTV cannot be advised outside of 

clinical trial settings.  

Based on the literature review, GETUG members suggest two types of dose-constraints for the 

PTV. Validation constraints have to be strictly respected: if not, the treatment planning must 

be rejected. Optimization constraints must be searched to obtain the best treatment planning 

compromise. 

Validation constraints: 

- For the PTV: V95% ≥ 95% of the prescribed dose: the 95% isodose must cover at least 

95% of the PTV 

- The CTV must be covered by the 100% isodose  

- D1cc<120%: Maximal dose (D1cc) must not exceed 120% 

- The 107% isodose shall be comprised in the CTV, with particular attention to the bladder 

and rectal volumes 

Optimization constraints for the PTV: 

- D98% ≥ 100% 

- D1cc < 107% (for VMAT technique) 

Optimization and OAR dose constraints for the major trials are summarized in Table 2. 
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Article Numbe

r of 

fractio

n 

Dose 

per 

fractio

n (Gy) 

Total 

dose 

(Gy) 

Radiothera

py device 

Prescriptio

n isodose 

CTV to PTV 

margins 

Optimization constraints OAR dose constraints 

       CTV PTV Bladder Rectum Femoral 

Heads 

Penile Bulb Urethra Sigmoid 

colon 

King [13] 5 7-8 35-40 CyberKnife

® 

90% 5mm  

(3mm post) 

NA V100% ≥ 95% V50% < 40% 

V100% < 10% 

V50% < 50% 

V80% < 20% 

V90% < 10% 

V100% < 5% 

V40% <5% NA NA NA 

Friedland [14] 5 7-7.2 35-36 CyberKnife

® 

NA 5mm  

(3mm post) 

NA V100% ≥ 95% V37Gy < 10cc V36Gy < 1cc NA NA NA NA 

Widmark [12] 7 6.1 42.7 NA NA 7mm Dmin ≥ 95% 

Dmin ≥ 40.6 

Gy 

V95% ≥ 95% 

V40.6Gy ≥ 95% 

D99% ≥ 90% 

D99% ≥ 38.4 

Gy 

NA V90% ≤ 15% 

V38.4Gy ≤ 

15% 

V75% ≤ 35% 

V32Gy ≤ 35% 

V65% ≤ 45% 

V28Gy ≤ 45% 

Dmax ≤ 70% 

Dmax ≤ 29.9 Gy 

NA NA NA 

Bolzicco [15] 5 7 35 CyberKnife

® 

80% 5mm  

(3mm post) 

NA V100% ≥ 95% V40Gy < 5% V38Gy < 5% V25Gy < 25% V29Gy < 25% V40Gy < 5%  NA 

Katz [16] 5 7-7.25 35-

36.25 

CyberKnife

® 

83-87% 5mm  

(3mm post) 

NA V100% ≥ 95% V50% < 40% 

V100% < 10% 

V50% < 50%  

V80% < 20% 

V90% < 10% 

V100% < 5% 

 

V40% <5% NA NA NA 

Mantz [17] 5 8 40 Truebeam® NA 2mm V100% ≥ 

100% 

V100% ≥ 98% D15% < 

34.9Gy 

D15% < 

32.7Gy 

NA Dmean < 

22.9Gy 

NA NA 

Bernetich [18] 5 7-7.5 35-

37.5 

CyberKnife

® 

75-85% 5mm  

(3mm post) 

NA V100% ≥ 95% V37Gy < 10cc D1cc < 36Gy NA D50% < 29.5Gy NA V30Gy < 1cc 

Meier [7] 5 8 40 CyberKnife

® 

NA 5mm  

(3mm post) 

NA NA V37Gy < 5-

10cc 

V36Gy < 1cc NA V29.5Gy < 50% V47Gy < 

20% 

NA 

Chen [19] 5 7-7.25 35-

36.25 

CyberKnife

® 

75-81% 5mm  

(3mm post) 

NA Dmax < 

48.33Gy 

V36.25Gy ≥ 

95% 

V37 Gy < 5 cc 

V100% < 10% 

V50% < 40% 

V36 Gy < 1 cc 

V100% < 5% 

V90% < 10% 

V80% < 20% 

V75% < 25% 

V50% < 50% 

NA V29.5 Gy < 50% V37 Gy < 

50% 

V30Gy < 1cc 

Zelefsky [20] 5 6.5-8 32.5-

40 

Varian 

LINAC 

100% NA NA NA NA NA NA NA NA NA 

Quon [8] 5 8 40 LINAC NA 5mm V40Gy > 99% V38Gy > 99% 

V42Gy < 1cc 

Dmax ≤ 42.8Gy 

V28Gy ≤ 20% 

V32Gy ≤ 15% 

V28Gy ≤ 20% 

V32Gy ≤ 15% 

V28Gy ≤ 5% 

 

NA NA NA 

Brand [11] 5 7.25 36.25 CyberKnife

® or LINAC 

65-85% 4-5mm  

(3-5mm post) 

V40Gy ≥ 95% V36.25Gy ≥ 

95% 

D98% ≥ 

34.4Gy 

Dmax < 48Gy 

D2% ≤ 42.8 Gy 

V18.1 Gy < 

40% 

V37 Gy < 10cc 

V18.1 Gy < 

50% 

V29 Gy < 20 % 

V36 Gy < 1cc 

V14.5Gy < 5% V29.5Gy < 50% V42Gy < 

50% 

NA 

Table 2: Optimization and dose constraints for the major studies on stereotactic body radiotherapy for localized prostate cancer   

Constraints in italic are optional 

Gy: Gray, OAR: Organs at risk 
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2.3 Organs at risk 

The participants agree on using the dose-constraints used in the PACE-B trial (Table 2) [11]. 

Dose reporting should be carried out according to the recommendations of ICRU Report 91 

[33]. 

2.3.1 Rectum 

Unlike previous recommendations of the GETUG, we recommend that the rectum be delineated 

as a full organ, rather than the rectal wall only. This change in organ definition was made to 

conform to other studies. Furthermore, delineation of the whole organ instead of the rectal-

wall has little to no impact on dose constraints to prevent rectal toxicity [34]. Rectal 

segmentation should begin at the anal margin and end at the sigmoid flexure. 

The dose constraints for modestly hypofractionated RT have recently been established for the 

first time with data from the CHHiP trial using clinician and patient-reported outcomes (V20Gy 

<85%, V30Gy <57%, V40Gy <38%, V50Gy <22%, and V60Gy <0.01%) [35]. However, there is 

no consensus for highly hypofractionated schedules to date. Rectal toxicity has been assessed 

in several large series, most of which used similar dose constraints for the rectum [5,14,16]. 

These showed that, following these dose constraints, the occurrence of grade 3 or higher 

radiation proctitis could be maintained under 3%.  

Dose constraints for the rectum could summarize as follows: 

- D50%<50%: 50% of the rectal volume should receive less than 50% of the prescribed 

dose 

- D20%<80%: 20% of the rectal volume should receive less than 80% of the prescribed 

dose  

- V 36.25 Gy (volume of rectum receiving 36.25 Gy) < 1cc 

The use of a prostatic spacer such as hyaluronic acid or hydrogel spacer injection has shown 

promising results in terms of rectal protection. It is a rather safe and minimally invasive 

procedure that allows a significant decrease of the dose to the rectum [36,37]. As such, it can 

be considered an option before prostate SBRT, although some authors have expressed 

reservations about general applicability [38]. 

 

2.3.2 Urinary tract and Bladder 

We recommend that the bladder be delineated as a full organ as well. 

Suggested dose constraints for the bladder are as follows [5,16]: 
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D40%<50%: 40% of the bladder volume should receive less than 50% of the prescribed dose 

D100%<10%: 100% of the bladder volume should receive less than 10% of the prescribed 

dose  

Optimization constraints [21]:  

- V40 Gy < 1.5 cc  

- V37 Gy < 10 cc (with an optimal constraint of V37Gy < 5cc). 

There is no consensus on the dose constraint for the urethra. As such, we consider its 

delineation optional. If easily seen on the CT-scan, the following optimization constraint can be 

useful: D50% ≤ 42 Gy. 

 

2.3.3 Other organs 

Femoral heads: V14.5 Gy < 5%  

The penile bulb should be delineated, although it should not be subjected to specific dose 

constraints (although V29.5 Gy < 50% appears to be the most frequent dose constraint used in 

published studies). However, thorough dose record should be ensured, for future 

recommendations. 

The testis must also be delineated to ensure that they are fully spared, especially in case of 

Cyberknife® treatment.  

Given the localized nature of SBRT, the small intestine should stay clear of radiation fields in 

most cases. In case of bowel irradiation, strict dose constraints must be kept to avoid severe 

toxicity. In that case, the following constraints are suggested: D10cc and D5cc (dose received 

by 10cc and 5cc of the organ) under 18 Gy and 36 Gy, respectively. 

Table 3 summarizes of suggested optimization and OAR dose constraints. 
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Dose constraints  Optimization constraints 

Schedule: 36.25 Gy in 5 fractions of 7.25 Gy 

Target volumes 

- V95% ≥ 95%(PTV) 

- D100% ≥ 100% (CTV) 

- Maximum dose (D1cc) ≤ 120% 

 

 

- D98% ≥ 34.4Gy (PTV) 

- D1cc < 107% (VMAT technique) 

Rectum 

- D50% < 18.1 Gy 

- D20% < 29 Gy 

- D1cc < 36 Gy 

 

 

 

Bladder  

-  D40% < 18.1 Gy  -  V40Gy < 1.5 cc 

-  V37Gy < 5 cc -  V100% < 10% 

 

D%: % of the prescribed dose 

V %: % of organ volume; VxGy: volume of the organ receiving dose x 

 

Table 3: Dose constraints for prostate SBRT: GETUG recommendations, based on the PACE-B 

trial [39] 
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2.4 Image-guided radiotherapy 

In case of Cyberknife® treatment, continuous intra-fraction imaging (with a minimum 

frequency of 15 seconds), based on implanted fiducial markers is required. 

In case of VMAT irradiation, kV/kV and CBCT imaging must be used. When available, an 

automated fiducial detection and registration on kV images should be used. Otherwise, 

treatment position should always be based on soft-tissue matching using CBCT registration. 

Additional kV and CBCT image acquisition can also be performed between each treatment arc. 

When available, intra-fraction tracking should be used (ie: using gold markers or Calypso® 

tracking system).  

 

3. Discussion 

 

SBRT is a rapidly developing treatment option for localized prostate cancer, with good results 

in terms of local control and toxicity. Although several studies on prostate SBRT have been 

published over the last decade, there is a lack of clear guidelines and, as such, no consistency 

in prescribed dose levels, dose constraints and treatment modalities. The goal of these 

guidelines is to set the standard for future studies, as well as be a framework for routine 

prescription of prostate SBRT. 

All the participants agree that this technique must be performed in centers with sufficient 

expertise in prostate irradiation and SBRT techniques. Although no recommendation on the 

actual treatment technique can be made, implementation of the chosen technique must follow 

a rigorous quality control program [40]. 

In the literature, prescribed dose ranges from 35 to 50 Gy, while dose per fraction ranges 

between 6 and 8 Gy (Table 1). While this may not seem like much of a difference, it has a 

significant impact on treatment tolerance. In studies where the total dose exceeds 40 Gy, late 

grade ≥ 3 genitourinary toxicity is higher, up to 5% [8,12]. As such, we recommend that total 

dose should be 36.25 Gy and that dose per fraction should not exceed 7.25 Gy. 

Regarding dose constraints, our recommendations are based on the data found in the studies 

published over the last decade, and in particular  the PACE-B study [11]. While early toxicity is 

not much of a concern in SBRT, late toxicity can be severe at such high doses, and can 

significantly alter the quality of life. Therefore, given the excellent prognosis of localized 

prostate cancer, quality of life is a major concern, and late toxicities rates must be kept as low 

as possible. In most studies, late grade ≥ 3 genitourinary toxicity rate is under 2%, which is 

acceptable. However, longer follow-up of patients treated with prostate SBRT revealed much 
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higher toxicity rated, compared with IMRT (43.9% vs 36.3% at 2 years after treatment 

completion) [41]. 

Gastrointestinal toxicity is even less frequent, and no grade ≥ 3 was reported in most of the 

published studies (Table 1). Based on these observations, we came up with a set of validation 

constraints, which must be reached for treatment plan validation, and optimization 

constraints, which are not considered mandatory because of their more strenuous nature 

(Table 3). 

 

Conclusion 

Comprised of French experts, both radiation oncologists and medical physicists, the GETUG 

group has a valid claim at setting guidelines for prostate cancer radiotherapy on both French 

and international level. With an exhaustive literature review, this is one of the first set of 

guidelines on prostate SBRT to be published so far [42]. We have come up with a dose 

fractionation schedule with appropriate dose constraints for the treatment of localized 

prostate cancer, as well as discuss treatment preparation and delivery.  

Based on the current available literature, the GETUG group suggests that:  

- Because large prospective trials are lacking, SBRT could not be considered as a standard 

of care, but could be proposed as an option after patient information 

- Good candidates for SBRT are patients of the favorable or intermediate favorable 

groups 

-  5 fractions of 7.25 Gy, for a total prescribed dose of 36.25 Gy seems both safe and 

effective  

- Dose constraints for PTV and OAR are summarized Table 3 

However, due to the lack of published data, some of the issues discussed here, such as 

immobilization procedures, are still open to debate. As such, there still is a need for large 

prostate SBRT trials, and patient should be enrolled in clinical trials whenever possible.
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