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National Health Service (NHS) England multi-center benchmark planning study

Case Summary 

Results
• 50 plans were submitted in total using 24 treatment 

platforms ranging from Leksell Gamma Knife 
(LGK), CyberKnife, TomoTherapy, Elekta and 
Varian Linacs

• All centers prioritized coverage, with the prescription 
isodose covering ≥ 95% of 233 of 235 target volumes 

Method
• Two brain metastases cases were provided involving 

3 and 7 lesions respectively

• Centers produced plans according to their local 
practice, which were reviewed centrally using metrics 
for Target Coverage, Selectivity, Gradient Fall-Off 
and Normal Tissue Sparing

21 clinical centers within the NHS network treating SRS submitted plans for this national 

commissioning program 
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Platforms and treatment planning systems 

Results 

Source: Stereotactic radiosurgery for multiple brain metastases: Results of multicenter benchmark planning studies, Eaton J, et al.

Centers were asked not to modify any structures, 

but to add a Planning Target Volume (PTV) margin 

for positional uncertainty.



6 | Focus where it matters.

Selectivity

Results and Discussion

Source: Stereotactic radiosurgery for multiple brain metastases: Results of multicenter benchmark planning studies, Eaton J, et al.

• Relative spread of R50%* against PTV for all 

lesions, showing the distribution for each platform 

• Optimal values are at the bottom of the graph, 

corresponding to small values of R50% 

• Gamma Knife plans consistently gave the smallest 

values (range, 2.9–6.0) 

*R50% represents the relative spread of half 

prescription isodose against PTV size for all lesions
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Dose to Organs at Risk (OAR) 

Results and Discussion

Source: Stereotactic radiosurgery for multiple brain metastases: Results of multicenter benchmark planning studies, Eaton J, et al. 

• Dose to normal brainstem (brainstem—GTV3 

V10Gy) against prescription dose to the brainstem 

lesion (PTV3) in case 1 (3 metastases)

• Optimal values are a low dose to normal brainstem 

together with a clinically efficient prescription dose. 

Arrows show the improvement with revision, and 

dotted ellipses show the plans using 1 and 2 mm 

PTV margin. GTV = Gross Tumor Volume

• All Gamma Knife plans used no margin, but a high 

single dose of 18Gy and resulted in the lowest 

dose to OAR. Many platforms had to fractionate in 

order to achieve an acceptable dose to the 

brainstem. 
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Dose to normal brain

Results and Discussion

Source: Stereotactic radiosurgery for multiple brain metastases: Results of multicenter benchmark planning studies, Eaton J, et al.

• Dose to normal brain (V12Gy) against indicative 

highest prescription dose (usually given to the 

smaller lesions) for case 2 (7 metastases) 

• Optimal values are at the bottom of the graph, 

corresponding to the lowest volume of normal 

brain receiving 12Gy. Arrows show improvement 

with revision  

• All Gamma Knife plans resulted in the lowest dose 

to normal brain 
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Result of multi-center benchmark planning study for brain metastases

Main findings and key points   

Largest variations in plan quality stemmed from the need to add a planning margin for non-dedicated systems versus 
Leksell Gamma Knife and CyberKnife, respectively.

Dose spillage to healthy tissue, particularly to the brainstem, was dramatically higher when any planning target margin 
was added to compensate for dose uncertainty. 

Significant difference in plan quality for platforms that are designed from the ground up for dedicated SRS use versus 
non-dedicated platforms. 

11 plans were revised following feedback, including 2 centers that acquired a new platform. One other case, accepted a 
restriction of service to 3 mets or fewer.  



Stereotactic radiosurgery for 

benign brain tumors
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National Health Service (NHS) England multi-center benchmark planning study

Case Summary 

Results 

• 68 plans were submitted in total using 18 treatment 

platforms ranging from Leksell Gamma Knife (LGK), 

CyberKnife, Elekta and Varian Linacs

• All centers prioritized coverage, with the prescription 

isodose covering ≥ 95% of 78/82 target volumes

Method

• Four benign cases provided: Intracanalicular Vestibular 
Schwannoma (VS), larger VS, skull base Meningioma 
and secreting Pituitary Adenoma

• Centers produced plans according to their local practice, 
which were reviewed centrally using metrics for Target 
Coverage, Selectivity, Gradient Fall-Off and Normal 
Tissue Sparing

18 clinical centers within the NHS network treating SRS submitted plans for this national 

commissioning program
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Platforms and treatment planning systems 

Results 

Source: Stereotactic radiosurgery for benign brain tumours: Results of multicenter benchmark planning studies, Eaton J, et al.

Centers were asked not to modify any structures, 

but to add a Planning Target Volume (PTV) margin 

for positional uncertainty.
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Selectivity

Results and Discussion

Source: Stereotactic radiosurgery for benign brain tumours: Results of multicenter benchmark planning studies, Eaton J, et al. 

*R50% represents the relative spread of half 

prescription isodose against PTV size 

• Relative spread of R50%* against PTV volume for 

all lesions, showing distribution for each platform.

• The wide spread for Varian linac submissions is 

demonstrated 

• Gamma Knife was superior to all other submitted 

plans which often applied a margin 
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Gradient Index

Results and Discussion 

Source: Stereotactic radiosurgery for benign brain tumours: Results of multicenter benchmark planning studies, Eaton J, et al.

• Variation of gradient index (GI) with the 

prescription isodose level—showing distribution for 

each platform 

• Higher levels of GI resulted in larger volumes of 

normal tissue being irradiated 

• Gamma Knife had the lowest GI values compared 

to other plans, and yet the highest internal dose to 

the target
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Organs at risk (OAR)

Results and Discussion

Source: Stereotactic radiosurgery for benign brain tumours: Results of multicenter benchmark planning studies, Eaton J, et al. 

• Variation of R50% with cochlea mean dose for 

case 1 (intracanalicular VS, in a patient with good 

hearing)

• Two centres used 1 mm PTV margin (circled) and 

the one resubmission is indicated by the dashed 

arrow 

• 4.0Gy or below has been recommended as the 

optimal dose to the cochlea in order to preserve 

hearing for the patient. All Gamma Knife plans 

were well below this threshold 

1 mm
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Result of multi-center benchmark planning study for benign tumors

Main findings and key points   

Only Leksell Gamma Knife plans were able to avoid trade-offs between different objectives, such as between doses to 
OAR and general dose spillage. This is an imperative to patients with benign tumors to avoid exposing them to any 
additional radiation exposure. 

When linac submissions were able to maintain low dose to organs at risk (OAR), it was almost always accompanied by a 
trade-off in plan quality to the target.

Linac submissions were highly variable for parameters such as selectivity, dose gradient, margins and prescription dose 
(particularly for the pituitary case), which caused them to consistently irradiate much larger volumes of healthy tissue 
when compared to Leksell Gamma Knife and CyberKnife. 

14 plans were subsequently revised following feedback, and a review of 5 plans led to a restriction of service on 2 
platforms (2 centers).



Final Conclusion
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NHS England multi-center benchmark planning studies

The clear choice: Leksell Gamma Knife®

Both studies have highlighted important 

variations in clinical practice underlining several 

factors that contribute to the overall quality and 

accuracy of clinical treatment delivery for SRS:

• Absolutely clear that there is no comparison in plan quality 

between Leksell Gamma Knife and dedicated or non-dedicated 

linacs

• The fixed geometry of Leksell Gamma Knife ensures spatial 

uncertainties are minimized and therefore lends itself to a zero 

margin philosophy

• Leksell Gamma Knife is the Gold-standard radiosurgery device 

for treating both benign and brain metastases cases

Clear choice Gold standard

Planning Delivery
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Important remarks
By Ian Paddick, co-author of the articles

“Gamma Knife plans were consistently the best performers 
in terms of conformity and particularly markedly steeper 
gradient outside the target.

The text refers to ‘linac plans being more variable’, but for 
every target linac plans had larger volumes of dose outside 
in the normal brain, compared to Gamma Knife.”

Ian Paddick
Director and Chief Physicist, Medical Physics Limited

“For intracranial SRS, the main ‘normal tissue’ (we are trying to 
avoid) is the brain itself, which is often completely surrounding the 
target. In order to minimize the dose to the OAR, a steep dose 
gradient is placed on the edge of the PTV. This can best be achieved 
by having a steep dose gradient both on the inside and outside of the 
PTV. 

By including a margin around the CTV, a much higher dose is 
delivered to the target, but also a higher dose to the part of the brain 
that is now included within the PTV. 

For example, adding a 1 mm margin to an 8 mm target diameter 
almost doubles the irradiated volume, and will normally mean that 
more brain is being irradiated. 

The fixed geometry of GK ensures spatial uncertainties are 
minimized and therefore lends itself to a zero margin philosophy.”

Ian Paddick
Director and Chief Physicist, Medical Physics Limited
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