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Abstract: Introduction
The technological evolution of SRS equipment is significant and poses the question
“have technological improvements led to a corresponding improvement in treatment
plans?”. The following platforms were selected as ‘state of the art’ in 2022: Gamma
Knife Icon (GK), CyberKnife S7, Brainlab Elements (Elekta VersaHD and Varian
TrueBeam), Varian Edge with HyperArc, Zap-X.
Methods and Materials
Six benchmarking cases were used from a 2016 study1,2. To reflect the evolution of
increasing numbers of metastases treated per patient, a 14-target case was added.
The 28 targets amongst the seven patients ranged from 0.02cc to 7.2cc in volume.
Participating centres were sent images and contours for each patient and asked to
plan to the best of their ability. While some variation in local practice was allowed (e.g.
margins), groups were asked to prescribe a specified dose to each target and
tolerance doses to organs at risk were agreed.
Parameters compared included coverage, selectivity, Paddick Conformity Index (PCI),
Gradient Index (GI), R50%, Efficiency Index (EI), doses to OARs, planning and
treatment times.
Results
Mean coverage for all targets ranged from 98.2% (Brainlab/Elekta) to 99.7% (HyperArc
6X). PCI values ranged from 0.722 (Zap-X) to 0.894 (CyberKnife). GI ranged from a
mean of 3.52 (GK), representing the steepest dose gradient to 5.08 (HyperArc 10X).
The GI appeared to follow a trend with beam energy, with the lowest values from the
lower energy platforms (GK; 1.25MeV, Zap-X; 3MV) and the highest value from the
highest energy (HyperArc 10X). R50% values had a minimum mean value of 4.48 (GK)
and a maximum mean value of 5.98 (Hyperarc 10X). Treatment times were lowest for
C-arm linacs.
Conclusion
Compared with earlier studies, newer equipment appears to deliver higher quality
treatments. CyberKnife and linac platforms appear to give better conformity while lower
energy platforms give better dose gradient.
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Abstract 

Introduction 

SRS treatment delivery can be performed with a range of devices, each of which have 

evolved over recent years. We sought to evaluate the differences in performance of 

contemporary SRS platforms and also to compare them with earlier platform iterations from a 

previous benchmarking study. 

Methods and Materials 

The following platforms were selected as ‘state of the art’ in 2022: Gamma Knife Icon (GK), 

CyberKnife S7 (CK), Brainlab Elements (Elekta VersaHD and Varian TrueBeam), Varian 

Edge with HyperArc (HA) and Zap-X. Six benchmarking cases were used from a 2016 

study1,2. To reflect the evolution of increasing numbers of metastases treated per patient, a 

14-target case was added. The 28 targets amongst the seven patients ranged from 0.02cc to 

7.2cc in volume. 

Participating centres were sent images and contours for each patient and asked to plan them 

to the best of their ability. While some variation in local practice was allowed (e.g. margins), 

groups were asked to prescribe a specified dose to each target and tolerance doses to organs 

at risk were agreed. 

Parameters compared included coverage, selectivity, Paddick Conformity Index (PCI), 

Gradient Index (GI), R50%, Efficiency Index (EI), doses to organs at risk (OARs), planning 

and treatment times. 

Results 
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Mean coverage for all targets ranged from 98.2% (Brainlab/Elekta) to 99.7% (HA-6X). PCI 

values ranged from 0.722 (Zap-X) to 0.894 (CK). GI ranged from a mean of 3.52 (GK), 

representing the steepest dose gradient to 5.08 (HA-10X). The GI appeared to follow a trend 

with beam energy, with the lowest values from the lower energy platforms (GK; 1.25MeV, 

Zap-X; 3MV) and the highest value from the highest energy (HA-10X). Mean R50% values 

ranged from 4.48 (GK) to 5.98 (HA-10X). Treatment times were lowest for C-arm linacs. 

Conclusion 

Compared with earlier studies, newer equipment appears to deliver higher quality treatments. 

CyberKnife and linac platforms appear to give higher conformity while lower energy 

platforms yield a steeper dose gradient. 

 

Introduction 

There are several competing technologies used for treatment planning and delivery of 

stereotactic radiosurgery (SRS) and it is important to understand their relative performance. 

The 2016 UK benchmarking study, which included 24 centres each planning six different 

SRS plans, was initiated by NHS England and conducted by the Radiotherapy Trials and 

Quality Assurance Group (RTTQA). This was the largest study of its kind and captured a 

valuable snapshot of the capabilities and practices of centres commissioned by NHS England 

to provide intracranial treatments1,2. 

The technological evolution of radiotherapy equipment, particularly in the field of SRS, 

where the demands of conformity, dose gradient and spatial accuracy are highest, is 

noteworthy. Six years on, new technology and treatment delivery techniques pose the 

question “have technological improvements led to a corresponding improvement in treatment 
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plans?”. This paper therefore describes a benchmarking study devised to assess the 

capabilities of contemporary equipment.   

 

Methods and Materials 

Platforms 

The following platforms were selected as being ‘state of the art’ in 2022: 

GK with Lightning inverse planning (Elekta Instruments, Sweden), CK S7 with M6 MLC 

(Accuray, USA), Brainlab Elements (Brainlab, Germany) in conjunction with both Elekta 

Versa HD (EE) and Varian TrueBeam (EV) (Varian Medical Systems, USA), Varian Edge 

with HA and Zap-X (Zap Surgical, USA).  A multi-centre study was adopted, incorporating 

six centres, each of which had considerable experience in the platform they represented. 

Three of these centres had participated in the original benchmarking study.  STable1, in 

Supplemental material 1, details the treatment platforms selected for the study. Due to 

limitations of the tools available within each treatment planning system to extract planning 

parameters, special procedures ensured that the metrics were collected as uniformly as 

possible between the different platforms (Supplemental material 2). 

Patient cases and planning objectives 

The same six patient plans (two multiple metastasis cases, four benign targets) were used 

from the previous studies1,2. The indications, doses prescribed and treatment planning 

instructions are summarised below. Patient medical history is described elsewhere1,2. To 

reflect the evolution of SRS on the increased number of metastases treated per patient, a 

patient with 14 targets was added as a seventh case. 
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 Case 1: Three cerebral metastases.  Prescription doses for PTV 1&2: 24Gy (GK, CK 

and Zap-X), 21Gy (C-arm linacs), PTV3 (in brainstem): 18Gy (GK, CK and Zap-X), 

15Gy (C-arm linacs). 

 Case 2: Seven cerebral metastases. Prescription doses for PTV1: 20Gy (GK, CK and 

Zap-X), 18Gy (C-arm linacs), PTV2-4: 22Gy (GK, CK and Zap-X), 21Gy (C-arm 

linacs), PTV5-7: 24Gy (GK, CK and Zap-X), 21Gy (C-arm linacs).  

 Case 3: Small intracanalicular vestibular schwannoma. Preservation of hearing is vital 

for the patient to retain his job as a pilot. Prescription dose: 12Gy. Aim for mean dose 

to cochlea ≤ 4Gy. 

 Case 4: Vestibular schwannoma. No useful hearing. Prescription dose: 12Gy. Report 

maximum dose to the brainstem – D0.030cc. 

 Case 5: Skull base meningioma. Prescription dose: 14Gy. Report maximum dose to the 

brainstem – D0.030cc. 

 Case 6: Pituitary adenoma (secreting).  Prescription dose 25Gy.   Report maximum dose 

to the chiasm – D0.030cc. 

 Case 7: 50 year-old female with HER2 breast cancer. Brain MRI performed following 

headaches demonstrated 14 small lesions, consistent with metastases. Prescription 

dose for PTV1-14: 24Gy (GK, CK and Zap-X), 21Gy (C-arm linacs). 

These test cases were selected to represent a wide range of intracranial targets, including 

those adjacent to, or within, OARs. The 28 targets amongst the seven patients ranged from 

0.02cc to 7.2cc in volume. 

Participating centres were sent DICOMRT files containing images, target contours and 

potential OARs for each treatment plan. They were asked to plan each treatment to the best of 
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their ability using experienced staff (defined as at least two years’ experience with the 

relevant platform).  

To enable easier comparison of treatment plans, doses were specified for each target. Following 

common practice, C-arm linacs added a 1mm margin for metastases but no margin for benign 

disease. Prescription doses were reduced if adding a margin to reduce additional toxicity. 

Tolerance doses to OARs were agreed in advance. Centres were told not to modify any of the 

structures, though they were allowed to add additional volumes for optimisation, sparing etc. 

if they wished. 

For metastatic targets, users were asked to achieve ≥99% coverage of the PTV with the 

prescription dose. For benign targets this was reduced to ≥95% (ideally 97%). Secondary 

planning objectives included selectivity, gradient and OAR doses. 

Parameters used for comparison included coverage, selectivity, Paddick Conformity Index8, 

Gradient Index9, R50%10, the Efficiency Index and Global Efficiency Index11, doses to 

OARs, estimated planning time and estimated treatment time. Calculation formulas can be 

found in Supplemental material 3.  

The Efficiency index is a relatively new metric used to quantify plan quality, including for 

multiple metastases11.  It combines conformity, gradient and mean dose within the target into 

a single value which represents how much of a plan’s integral dose is being usefully 

employed in irradiating the target(s).  

Volume-averaged data was calculated for the multiple metastases cases, with the contribution 

of each individual target weighted according to its volume.  This reduced the importance of 

small mets compared to larger lesions within the same patient. 
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A Kruskall-Wallis test was performed to indicate significant differences between platforms 

for the PCI, GI, EI, planning and treatment times. If confirmed, a Mann-Whitney U test was 

used to compare each platform’s results against those of the Gamma Knife. A p-value of 

<0.05 was chosen to denote significance. 

As the study involved the use of historical and anonymised images and contours, approval 

from an ethics committee was not needed. 

Results 

Coverage, selectivity, PCI, GI, and R50%, averaged over all lesions, are shown in Table1.  

As good conformity and fall-off are harder to achieve for small targets, volume averaged data 

is also provided for the metastasis cases, in order to reduce potential bias from smaller, 

potentially less clinically critical, targets. 

Target coverage 

All platforms achieved ≥98% coverage of metastatic lesions and ≥95% for benign targets 

(SFig1, Supplemental materials 4).  

Selectivity 

Selectivity is graphically represented in SFig1. Due to bridging of the PIV it was not possible 

to calculate the selectivity for two pairs of proximal lesions (Case 7, PTVs 4&5, 9&10) so 

these were removed from the analysis for all platforms.  

Paddick Conformity Index 

Mean PCIs for benign lesions were highest for EV (0.891) and for metastatic lesions, CK 

(0.896) (Table 1). The lowest was for Zap-X when planning metastases (0.700).  The largest 

increase in PCI between the average and the volume-weighted average was seen for GK 
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reflecting the relatively lower conformity for smaller targets planned for the GK compared 

with larger targets. CK and HA had significantly higher values than GK while Zap plans were 

significantly lower. 

Gradient index 

GIs for benign lesions ranged from a mean of 2.74 (Zap-X), representing the steepest dose 

gradient, to 4.18 (EE). For metastases, GK had the lowest GI at 3.66 and HA-10X the highest 

at 5.27 (p<0.001).  Volume-averaging lowered the GI for all platforms but especially for the 

platforms with relatively high GI values for the smallest mets (CK and HA-10X) (Table 1). 

R50% 

R50% values (Table 1), which represent a combination of conformity and gradient, had a 

minimum mean value for benign lesions of 3.12 (Zap-X). The lowest R50% for metastases 

was GK (4.74) and the highest HA-10X (6.19) (p=0.027). 

Efficiency Index 

For benign targets GK and Zap-X achieved the highest EI values, followed by CK then the C-

arm linacs though this didn’t reach statistical significance. For metastasis cases, higher 

Global EIs were seen for GK and CK, with the lowest value scored by Zap-X for Case 1 and 

HA-10X for Cases 2 and 7 (Fig2). 

OAR doses 

OAR doses for the benign lesions are presented in SFig3 (Supplemental material 4). For Case 

3 all platforms achieved a mean cochlea dose of <4Gy.  Most C-arm linacs failed to meet this 

constraint in the original 2016 benchmark study.  Maximum (D0.03cc) brainstem doses for 

Cases 4 and 5 were broadly similar across all platforms.  The lowest chiasm maximum dose 
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(D0.03cc) for the pituitary plan was achieved by EV (2.6Gy) and the highest was the HA-10X 

plan (6.5Gy), which may be a consequence of the fixed beam geometry of the HA plans.  

However, the EE solution had similar chiasm doses along with the lowest conformity, 

perhaps due to the use of 5mm MLC leaves in combination with the complex shape and 

proximity of the OAR.  

Comparison to the 2016 study 

For the three centres participating in both the 2016 and the 2022 benchmarking studies,  CK 

demonstrated a 14% increase in PCI (p<0.001) and reduction of 11% in GI (p=0.070), while 

EV showed a 16% increase in PCI (p<0.001) and 8% reduction in GI (p=0.374).  Changes in 

GK plan quality were more variable with some PCI values decreasing (Fig3). 

Planning and delivery time 

Fig4 shows the self-reported planning and estimated delivery times for each case across the 

platforms.  Treatment times for CK, EE and EV included intrafraction imaging. 

 

Discussion 

In the field of SRS, where the technical capabilities of radiotherapy platforms are pushed to 

their limit, comparison studies have been very useful. However, bias and poor study design 

have led to inconsistent outcomes and have led to questioning the utility of such studies12. 

The 2016 study, coordinated by RTTQA consisted of 24 treatment platforms which was more 

than in any previously published benchmarking study. With all centres motivated to produce 

the highest quality plans possible, within a realistic timeframe, this created a valuable 

snapshot of the practice and capabilities of SRS delivery in the UK. Variation in plan quality 

was surprisingly large but it could be partly explained by the difference in age of the 
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equipment used as well as wide variations in local practice. This current study selects six 

contemporary devices and uses experienced treatment planning teams in order to create a 

‘level playing field’.  The following observations can be made regarding the plan quality 

metrics: 

Gradient Index 

The GI appears to follow a trend with beam energy, with the lowest values from the lower 

energy platforms (GK; 1.25MeV, Zap-X; 3MV) and the highest value from the highest 

energy (HA-10X).  This is also seen within the same platform with a HA-6X GI of 4.63 for 

metastases, compared to 5.27 for 10X. This finding is consistent with other studies13, and 

reflects the reduced scatter penumbra for lower energies. Collimation, source-axis-distance 

(SAD) and prescription isodose level14 may also play a part in the differences seen in the dose 

gradient outside the target.  The SAD for GK and Zap-X are ~40cm and 45cm respectively, 

having collimation closer to the patient compared with other platforms, reducing the 

geometric beam penumbra.  Lower prescription isodoses (i.e. greater inhomogeneity within 

the target) are also typical of GK and Zap-X treatments. CK has an SAD of 80cm compared 

to 100cm for the C-arm linac-based platforms but also typically delivers treatments to a lower 

prescription isodose hence an intermediate GI.  

PCI v gradient 

The trade-off between PCI and GI can be a function of the delivery approach.  Elements uses 

dynamic conformal arcs (DCA) for single isocentre multiple metastases treatments, but 

VMAT for single lesions.  As metastases are typically spherical and usually distant from 

OARs, DCA allow fast delivery, simple dosimetry and lower MU.  DCA offer less 

opportunity to conform a high dose around the target but may deliver a higher dose fall-off 

than a VMAT solution15,16. This was reflected in EV being the only C-arm linac plans with 
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GIs that were not significantly higher than GK.  The balance between PCI and GI for all 

lesions is illustrated in Figure 2d, where it can be seen that the VMAT based solution of HA 

has higher conformity than the DCA based BrainLab Elements solution but at the expense of 

a higher GI. 

Both Elements and Hyperarc centres used VMAT for benign targets, and in general there is 

less difference between platforms apart from Case 3, a 0.06cc acoustic target where the 5mm 

MLC leaf width may reduce plan quality for the EE solution. 

Efficiency Index 

The EI is generally highest for GK and Zap-X, with CK treatments also yielding average 

indices that are higher than the C-arm linacs. This is likely due to a combination of an 

average higher internal dose and steeper gradient (GK and Zap-X) or high selectivity (CK). 

Interestingly, while Zap-X scores overall highest for benign targets, it has the lowest value of 

any device for Case 1. This is possibly due to decisions made when treatment planning, 

balancing conformity, dose fall-off and overall treatment time. 

Planning time 

Reported planning times range from 10 minutes to plan Case 4 for GK to 4 hours to plan 

Case 7 for CK.  All centres spend longer on average planning the multiple metastasis cases 

than the benign cases. The shortest total planning time is 120 minutes for GK, and the longest 

960 minutes for CK (p=0.001).  Planning times for the highly automated C-arm linac-based 

solutions are broadly similar. 

Planning time is self-reported, and reflects some elements of user preference.  Even with the 

same planning system, differences in approach between centres can be seen, with the EE 

centre spending less time per plan than the EV centre.  This may be partly due to the EE 
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centre using a newer version of the TPS with increased automation, and faster computational 

speeds, but may also reflect how much time individual planners spend exploring options to 

improve plan quality once an acceptable plan has been achieved. 

Treatment time 

There is a notable difference in the total treatment times between the C-arm linac platforms 

and the specialist platforms.  Differences are most marked for the multiple brain mets cases 

(1,2,7) where the ability to treat multiple mets with a single isocentre on the linac-based 

platforms reduces delivery times compared to the multiple isocentre delivery methods of 

GK/CK/Zap-X.  The biggest difference in any individual case was seen for the 14-met plan 

(Case 7), which took 204m to deliver on GK compared to 12.1m using HA-10X.   

The shortest total delivery time for the 7 cases for a C-arm linac-based platform is 68m for 

HA-10X and the longest 210m for EV, with differences mainly due to the use of 3 separate 

isocentres for the 14-met plan and the choice of a flattened beam with lower dose rate 

(2400MU/min vs 600MU/min).  However, there was minimal difference in treatment times 

for EE versus EV despite EE delivering treatments with an FFF beam. Timings for all linac-

based solutions included an initial CBCT scan but the Elements timings also included 

intrafraction imaging at each couch angle using ExacTrac.  

Delivery timings were much higher for the specialist platforms, ranging from 579m for CK to 

695m for GK. The latter depends on the age of the Co-60 sources and these were normalised 

in this study to a reference dose rate of 3.0Gy/min. For mask-based treatments, treatment 

times were calculated assuming that treatment wasn’t paused to account for patient 

movement. 
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GK, CK and Zap-X used multiple isocentres for the multiple met cases (Case 1,2,7).  Three 

of the linac-based platforms used a single isocentre set-up for the 3-met (Case 1) and 7-met 

(Case 2) plans, whilst EE chose to treat the Case 1 brainstem met with a separate isocentre. 

This is their preferred clinical solution to minimise any set-up error in the brainstem met (as 

set-up errors increase with distance off-axis for single isocentre multiple met plans)17.  Both 

Elements platforms used 3 isocentres to treat the 14-met case.  Elements can create a single 

isocentre plan treating all 14 mets but clinical practice at both centres appears to align, in that 

clusters of mets which are at a distance from the others and/or in close proximity to each 

other are treated separately in order to minimise target distance from the isocentre, and give 

more opportunity to minimise potential bridging doses between pairs of very close targets. 

Treating with additional isocentres can also minimise the total dose to normal brain.  In the 

case of the 14 met plan, total normal brain V12Gy for the combined 3 isocentres is 19.6cc for 

both Elements centres, compared to 25.8cc (HA-6X) and 26.3cc (HA-10X) although at the 

expense of increased treatment time.  

Treatment times for the complex shaped benign lesions were also longer on the specialist 

platforms, in comparison to the C-arm linacs. These times are not meant to be targets or 

limits, rather the aim is to show the general balance per platform between planning and 

delivery times. 

Plan improvements 

Improvements in plan quality are illustrated in Figure 3 by comparing the individual plan 

metrics for the 3 centres who participated in the 2016 benchmarking exercise1. Both CK and 

EV plans show significant improvements, which may be owed to their new respective 

planning systems.  Changes are more variable for the GK centre and in some cases the new 

GK plans have notably inferior conformity.  This may be explained by the use of the 
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Lightning inverse planning algorithm which, while extremely fast, can, in some 

circumstances, produce plans that are inferior to an expert manual treatment planner18. 

However, it should be noted that this platform had the highest original plan quality. In 

general, differences in plan quality between the platforms appear to have narrowed since the 

original benchmarking exercise in 2016. 

Limitations 

Planning metastatic targets differently (in terms of prescription dose and margins applied) 

between the dedicated vs C-arm linac platforms, while creating difficulty in a direct 

performance comparison across all devices, allowed a closer comparison between the actual 

treatments typically delivered with these devices.  

The addition of a margin to a target effectively smooths its contours and also increases its 

volume. For small metastases this volume increase can be several-fold and can add bias to the 

comparison of margin vs no-margin plans, particularly for those indices that tend to vary with 

volume. For benign targets, where no margin and an identical prescription dose has been used 

for all platforms, variations in coverage, selectivity and conformity are narrower, while 

gradient still appears to be dependent on beam energy, with Co-60 and 3MV energies and 

shorter SAD/closer collimation having a steeper gradient than 6 and 10X. R50% values also 

demonstrate a greater variation amongst platforms. 

Variation in the prescription isodose, which governs the maximum dose inside the target, but 

also affects the gradient outside the target, has not been evaluated. Clinical studies have 

shown little evidence that the internal maximum dose has a clinical effect19 while the 

gradient, which was analysed, is known to affect the risk of symptomatic radionecrosis20–22. 
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In general, local TPS values were used, which may lead to bias due to the different methods 

of target volume and dose-volume calculation. These uncertainties may amount to 5-10%23,24, 

and should be borne in mind when appraising small differences between platforms, but are 

unlikely to change the overall trends and conclusions in this study. The spacing of dose 

calculation points also vary between planning systems with GK using 0.5mm and Zap-X, CK 

and C-arm linacs using 1.0mm. Typically, a finer dose calculation grid will lead to slightly 

poorer quality parameters being calculated. In addition, the Zap TPS calculates volumes to 

the nearest 0.01cc while all others calculate to the nearest 0.001cc. This can introduce 

rounding errors of up to 1% when assessing the PCI of a lesion of 1.0cc and up to a 10% 

error for targets of 0.1cc. PTV volumes as small as 0.02cc are present in this study so TPS 

calculated indices of the smaller targets should be viewed with caution. 

Due to the low number of benign targets planned, it was not possible to reach statistical 

significance in any parameter for this group. In addition, the large number of relationships 

that could have been explored required limitation so we opted to compare all platforms to the 

Gamma Knife which is often seen as the ‘gold standard’ in SRS. 

The Zap-X system is still in its infancy and so finding a centre with more than two years’ 

experience was not possible. A staff member of Zap Surgical was consulted to create plans 

that were as close as possible to that expected from a clinical centre. 

We present data from a limited number of centres from one country. The results obtained 

may not be reflective of the case mix or clinical practice in other regions. However, our study 

used a range of metastatic and benign cases, whereas some planning studies have relied on a 

single case25, or malignant or benign cases only26,27. 

All plan comparison studies present an incomplete picture of treatment quality, however they 

can be useful to inform current and future practice12. This study has not considered delivery 
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accuracy or the clinical significance of the differences seen. However, it is intended to give a 

picture of contemporary clinical practice using the latest treatment platforms, assessed using 

comparable and consistent parameters. 

Conclusion 

The national 2016 SRS benchmark study has been repeated and expanded upon, with 

representative centres for each of the main contemporary SRS platforms.  

Our results suggest a notable improvement in plan quality for CK and C-arm linacs as a result 

of technological improvements of both treatment planning systems and hardware. This has 

led to a reduced variability between different platforms compared with that seen in the 

original 2016 benchmarking study. 
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Figure 1. a) PCI versus target volume, b) GI versus target volume; c)  R50% versus target 

volume; d) GI versus PCI.  Results for the smallest volumes calculated for charts a-c are 

subject to large uncertainties, hence the absence of multiple horizontal points on the x-axis. A 

1mm margin can increase the volume by up to an order of magnitude, shifting C-arm linac 

points to the right. 

Figure 2. (left) Global EI for the multiple metastasis cases. (right) EI for the benign cases 

Figure 3.  PCI v GI for Cases 1 and 2 for three centres (Gamma Knife, CyberKnife and 

Varian/Brainlab).  Open markers show the 2016 data points, solid markers the 2022 data and 

the arrows the direction and magnitude of change. 

Figure 4. Self-reported planning (orange) and estimated treatment times (blue) for each case. 
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Table 1. Coverage, Selectivity, PCI, GI and R50% for each platform, averaged for benign and 

metastases separately.  For the metastasis cases, volume averaged data is shown in brackets. 

Statistical significance relative to values from the Gamma Knife, are shown in italics. P-

values <0.05 are shown in bold. 

*Mets 4,5,9 & 10 of Case 7 were excluded from the analysis. 

 Gamma 
Knife 

Zap-X CyberKnife Elements 
Elekta 6X-

FFF 

Elements 
Varian 6X 

HyperArc 
6X-FFF 

HyperArc 
10X-FFF 

 Benign lesions 

Coverage 96.7% 96.2% 97.1% 96.1% 97.5% 98.9% 99.1% 

Selectivity 0.871 0.862 0.911 0.822 0.914 0.886 0.878 

PCI 0.843 0.830 0.885 0.790 0.891 0.876 0.871 

GI 2.83 2.74 3.64 4.18 3.72 3.87 4.17 

R50% 3.19 3.12 3.91 5.13 3.99 4.50 4.93 

 Metastases* (volume averaged) 

Coverage 99.0% (98.8) 100.0% (99.9) 99.7% (99.4) 98.2% (98.3) 99.1% (99.0) 99.8% (99.7) 99.6% (99.6) 

Selectivity 0.787 (0.862) 0.700 (0.745) 0.899 (0.928) 0.784 (0.841) 0.773 (0.818) 0.878 (0.913) 0.873 (0.919) 

PCI 
p-value 

0.779 (0.852) 
- 

0.700 (0.744) 
0.019 

0.896 (0.922) 
<0.001 

0.768 (0.825) 
0.420 

0.766 (0.809) 
0.490 

0.877 (0.911) 
<0.001 

0.870 (0.915) 
<0.001 

GI 
p-value 

3.66 (2.91) 
- 

3.83 (3.18) 
0.249 

4.89 (3.37) 
0.036 

4.31 (3.49) 
0.030 

4.05 (3.48) 
0.057 

4.63 (3.71) 
0.009 

5.27 (4.11) 
<0.001 

R50% 
p-value 

4.74 (3.38) 
- 

5.69 (4.31) 
0.040 

5.57 (3.63) 
0.299 

5.60 (4.21) 
0.086 

5.32 (4.28) 
0.074 

5.37 (4.10) 
0.104 

6.19 (4.50) 
0.027 

 

Abbreviations:  FFF = Flattening Filter-Free, PCI = Paddick Conformity Index, GI = Gradient Index 
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