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Open access



Purpose/Objectives: 

• Develop expert recommendations for multiparametric dose 

prescriptions of SBRT according to ICRU report 91!

• Harmonize current SBRT practice and for trial design!

• Refine dose prescription and documentation requirements!



Materials and Methods

1. Literature review

2. Delphi 1st round

3.
live 

discussion

4. Delphi 2nd round

5. Result



Overarching Statements

Topic Question Agreem

ent (%)

Dose 

prescription

… should be prescribed to a PTV encompassing isodose (e.g., PTV D95-98%) … reported 

based on ICRU report 91

100

… must be accompanied by further dosimetric goals to be achieved in the GTV 100

.. dose prescription to the GTV median dose could be considered if further goals for the 

PTV

100

LQ model to convert different SBRT dose prescription schemes from A to B fractions. 86

Beam 

Technique 

Planning

including SIP and SIB concepts … to achieve optimal trade-offs between TV dose coverage 

and OAR sparing

100

robust SBRT plans: reduction of interplay effects 94



Overarching Statements

Topic Question Agreem

ent (%)

Dose 

Calculation

Density override … of artifacts in or near the PTV 88

large density inhomogeneities: algorithm for lateral electron transport 100

maximum grid size 1–2 mm 100

Documentati

on

document dosimetric plan information and report a/to ICRU 91 with at minimum

•the PTV prescription dose 

•PTV D98% 

•PTV D50% 

•PTV D_near-max (D2% or D_0.035 mL)

•GTV D50% and GTV Dnear-max

•if applicable ITV D50% and ITV Dnear-max

•all OARs: Dnear_max and D_mean

100

motion management strategy: report a/to ICRU 91 100



Organ specific statements

Topic Question Agreement (%)

Lung For peripheral tumors dose should be escalated to the GTV/ITV while ensuring a reasonable dose to the PTV. 94

For ultracentral tumors, dose sparing of bronchial tree, trachea and esophagus based on clinically accepted dose limitations must have priority over PTV coverage. (*1) 94

Dose prescription of primary lung tumors should not be different than for pulmonary metastases if ablation is intended.

[Guckenberger M, et al. Radiother Oncol. 2016 Mar;118(3):485-91. doi: 10.1016/j.radonc.2015.09.008] (*2)

93

Upper abdomen Dose prescription to upper abdominal target volumes that are close to stomach and / or duodenum should imply the administration of prophylactic gastric acid reduction with proton 

pump inhibitors.  (*4)

100

Liver in general Dose prescription to PTV areas containing patent, i.e. non-tumor affected / non-obstructed central bile ducts, specifically the common bile duct and the common hepatic duct, should 

avoid dose escalation in these areas. [Timmerman R.  Int J Radiat Oncol Biol Phys. 2022 Jan 1;112(1):4-21. doi: 10.1016/j.ijrobp.2021.09.027; Diez P, et al. Clin Oncol. 2022 May;34(5):288-

300. doi: 10.1016/j.clon.2022.02.010; Toesca DA, et al. Radiother Oncol. 2017 Jan;122(1):130-136. doi: 10.1016/j.radonc.2016.10.024] (*3)

93

Liver function must be taken into account for dose prescription especially in HCC (protected liver volume, Child-Pugh score, ALBI score, etc.) to avoid the risk of radiation induced liver 

disease. (*2)

100

Hepatic metastases Liver metastases from colorectal cancer should be treated with higher prescription dose compared to liver metastases from other primary tumors to achieve similar local control. 

[Klement RJ, et al. Radiother Oncol. 2017 May;123(2):227-233. doi: 10.1016/j.radonc.2017.01.013] (*2)

80

Liver metastases should be treated with higher prescription doses after chemotherapy compared to chemotherapy-naive liver metastases. [Klement RJ, et al. Radiother Oncol. 2017 

May;123(2):227-233. doi: 10.1016/j.radonc.2017.01.013] (*2)

47

Hepatocellular carcinoma Since a clinically accepted dose-response relationship (tumor control probability; TCP) is not known, dose prescription should be adapted to liver function to reduce the risk of radiation 

100induced liver disease. (*3)

93

Dose prescription in patients with Child-Pugh scores >8 should maximize sparing of non-tumor liver volume including reduction of the prescribed dose to target volumes in an 

individualized approach. [Culleton S, et al.  Radiother Oncol. 2014 Jun;111(3):412-7. doi: 10.1016/j.radonc.2014.05.002] (*4)

100

Cholangio-carcinoma Dose prescription for primary intrahepatic and perihilar cholangiocarcinoma should not be different than for liver metastases.  (*5) 92

Pancreatic ductal adeno-

carcinoma

Pancreatic lesions should be treated with 5 or more fractions outside of prospective clinical trials. (*1) 100

For pancreatic lesions, dose sparing of hollow OAR based on clinically accepted dose limitations must have priority over PTV coverage. (*1) 88

Renal cell cancer Renal cell cancer should be treated with single fraction SBRT due to radiobiological characteristics of the tumors. [Siva S, et al. Lancet Oncol. 2022 Dec;23(12):1508-1516. doi: 

10.1016/S1470-2045(22)00656-8; Mizowaki T. Lancet Oncol. 2022 Dec;23(12):1476-1477. doi: 10.1016/S1470-2045(22)00697-0.] (*1)

13

Dose prescription should be based on the results of a split renal function to determine the relative contribution of each of the two kidneys to total renal function, e.g., with renal 

scintigraphy. (*2)

100

Adrenal metastases Dose prescription for both, bilateral and unilateral adrenal SBRT, should mandate hormone and /or endocrinological monitoring in the planning process.

[Buergy et al. 2021; Brauckhoff M. et al. 2003] (*4)

85

Dose prescription should prioritize tolerance doses of neighbouring organs at risk (e.g. stomach, duodenum, small bowel) over PTV coverage. (*1) 94



Organ specific statements:
Primary Liver

Topic Question Agree 

(%)

Upper 

abdomen

Dose prescription close to stomach a/o duodenum should imply the administration of prophylactic 

gastric acid reduction with proton pump inhibitors.

100

Liver in 

general

PTV areas containing patent, i.e. non-tumor affected / non-obstructed central bile ducts, i.e. CBD and 

the CHD: avoid dose escalation! [Timmerman R.  IJROBP 2022; Diez P, et al. Clin Oncol. 2022; Toesca

DA, et al. Radiother Oncol. 2017] (*3)

93

Liver function must be taken into account for dose prescription especially in HCC (protected liver 

volume, Child-Pugh score, ALBI score, etc.) to avoid the risk of radiation induced liver disease

100

Hepatic 

metastases

Liver metastases from colorectal cancer should be treated with higher prescription dose compared to 

liver metastases from other primary tumors to achieve similar local control. [Klement RJ, et al. 

Radiother Oncol. 2017] (*2)

80

Liver metastases should be treated with higher prescription doses after chemotherapy compared to 

chemotherapy-naive liver metastases. [Klement RJ, et al. Radiother Oncol.] (*2)

47



Results: Delphi Round 2

• Degree of consent ≥80%: 

• 100% for overarching statements 

• 88% for organ specific statements



Overarching Statements



Organ Specific Statements



Results: Delphi Round 2

No consensus ≥80% for:

1. Dose escalation of liver metastases after chemotherapy (47%)

2. Single fraction SBRT for kidney primaries (13%)

In round 2, no statements had 60-79% consensus.     



Organ specific statements

Topic Question Agree

ment 

(%)

Hepatic 

metastases

Treat Mhep from colorectal cancer with higher prescription dose compared to non-CRC to 

achieve similar local control. [Klement RJ, et al. Radiother Oncol. 2017] (*2)

80

Treat Mhep post chemo with higher prescription doses compared to chemo-naive [Klement

RJ, et al. Radiother Oncol. 2017] (*2)

47

Renal cell 

cancer

Treat RCC with single fraction SBRT due to radiobiological characteristics of the tumors. [Siva 

S, et al. Lancet Oncol. 2022; Mizowaki T. Lancet Oncol. 2022] (*1)

13



Conclusion

1. 94% high consensus in the Delphi (31 statements)

2. Clear recommendations for overarching and organ specific topics 

could be defined

3. Significant harmonization for daily practice and for the design of 

clinical trials in SBRT

4. Next step: Specific exemplary cases are prepared



Material & Methods – General standards

1. Indication

2. Planning CT scan (pat. Position; abdominal compression; motion 

management; i.v./oral contrast; 4D-CT imaging; …

3. Image fusion; contouring; dose prescription

4. Planning; plan approval

5. Treatment; PPI; fasting; oral contrast; IGRT

6. Follow-up



Parameters Case 1 Case 2 Case 3 Case 4

Primary tumour Head and 

neck 

squamous 

cell 

carcinoma

Ewing 

sarcoma

Colorectal cancer CUP –

undifferentiated 

spindle cell 

carcinoma

Liver segments 

volume (cc)

S. 8

3.1 cc

S. 6-7/7

39.9; 1.0 cc

S. 8

3.1 cc

S. 4a, 4b, 5

1.4; 0.7; 16.1 cc

S. 6, 7

852.7 cc

Isocenter(s) 1 2 Iso. 1 Iso. 2 1



Case 1: HNSCC - synchronous de novo



Case 2: Ewing - induced om



Case 3: Colorectal - induced om





Conclusion



Case 4: CUP - de novo



Parameters Case 1 Case 2 Case 3 Case 4

Primary tumour Head and 

neck 

squamous 

cell 

carcinoma

Ewing sarcoma Colorectal cancer CUP –

undifferentiated 

spindle cell 

carcinoma

Adjacent critical 

OARs

none Chest wall none Colon, duodenum, bile 

duct

Chest wall, lower 

lobe bronchus

Prescription 

isodose

65% 65% 60% 60% 65%

Number of 

fractions

3 5 3 12 5

SIP n.a. n.a. n.a. PTV_dom PTV_SIP n.a.



Case 4: CUP - de novo



Suppl. Fig.: 
Patient 
positioning



Suppl. Fig.: 
Motion 
Management



Suppl. Fig.: 
Motion 
Management



Case 4: CUP - de novo

Suppl. Fig. 4c: Contouring



Suppl. Fig.: IGRT in Case 2 – Traffic light system

50%
30%
0%



Suppl. Fig.: IGRT – define personalized @ contouring

Case 2 Case 4Case 3Case 1



Suppl. Fig.: mandatory IGRT document



Suppl. Fig. 4e Dose prescription in the TPS

= 65% isodose

D(PTV)near-min

D(PTV)near-max

D(ITV)50%



Multiparametric dose prescription
Parameters Case 1 Case 2 Case 3 Case 4

Primary tumour HNSCC Ewing Colorectal cancer CUP –G4 spindle cell

Prescription isodose 65% 65% 60% 65% (bile duct) 65%

Number of fractions 3 5 3 12 5

SIP n.a. n.a. n.a. PTV_dom PTV_SIP n.a.

D98%(PTV) [Gy] 45 50 54 66 46 50

D2%(PTV) [Gy] 69.23 77 90 110 - 77

D50%(ITV) [Gy] 64.7 66.75 84.1 102.8 - 66.75

BED10

D98%(PTV) [Gy]

112.5 100 151.2 102.3 63.63 100

BED10

D2%(PTV) [Gy]

229 195.58 360 210.83 - 195.58

BED10D50%(ITV) [Gy] 204.24 155.86 319,86 190.87 - 155.86



Suppl. Fig: Scripting for Plan analysis



Suppl. Fig: Scripting for Plan analysis



Suppl. Fig: Follow-up

Plane Before
SBRT
[cm]

SBRT 
+ 6 mts

[cm]

cc 12.4 6.7

ds 10.1 9.3

vd 11.2 6.9



Discussion



Discussion
Indication

Case 1

Case 2

Case 3

Case 4



Discussion: Structure

• Indication

• Pre-SBRT image Staging

• Fiducial markers

• Motion management

• Planning CT scan

• Image fusion of diagnostic scans

• Segmentation

• IGRT preparation

• Choice of fraction number

• Multiparametric dose 
prescription

• OAR dose constraints

• Planning and plan analysis

• Treatment fractions

• Follow-up



Discussion
Case 1

Case 2

Case 3

Case 4

Multiparametric

Dose 

Prescription:



Conclusion

1. Choice of 4 very different cases of liver metastases in many respects

2. Abundant image documentation of all cases in the manuscript and in the

supplementary figures & videos

3. Extensive discussion of all aspects as defined by DEGRO AG STX / DGMP AK 

21 from indication through follow-up

4. References of relevant papers



Thank you very much for your attention!



Vielen Dank für Ihre Aufmerksamkeit!


