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METHODS
Varian TrueBeam reference beam data (RBD) was used as 
input to configure a 6FFF AcurosXB (AXB) dose-to-
medium (Dm) UBM in the EclipseTM v18.1 TPS. To 
complete UBM configuration, the remaining modelling 
parameters listed in Table 1 relating to reference dose 
calibration, HD-MLC transmission/sweeping dosimetric 
leaf gap (DLG) and relative output (focal spot) were 
averaged from the respective measurements acquired 
across the 11 TrueBeam’s used in the study (one for each 
ESPRESSO institute). Note that none of the TrueBeam’s 
were specifically beam matched except within Vendor IPA 
specification for PDD10 (63.5 ± 1.0%, EPOM applied). 

Table 1: 6FFF TrueBeam (HD-MLC) SIMT-SRS UBM configuration  

To assess small field dosimetric equivalence of TrueBeam 
& validate UBM accuracy, nine non-coplanar SIMT-SRS 
VMAT plans of 20Gy prescription (single fraction) were 
generated on a virtual 20cm diameter spherical water 
phantom (Fig. 1). Each plan had two identical co-axial 
spherical targets (1mm GTV-PTV margin) parameterized 
by permutations of increasing PTV diameter (0.5, 1 and 
2cm) and off-axis distance (1, 2 and 4 cm). UBM dose 
calculation was performed with 1mm grid size, and 
maximum plan complexity restricted to < 4.0MU/cGy. 
The 11 institutes proceeded to re-calculate each plan 
with fixed MU (1mm calc grid) using their respective 
clinical 6FFF SIMT-SRS Eclipse beam model (TPSInst). 3D 
dose distributions within the virtual phantom were then 
measured at each institute using a cine electronic portal 
imaging device (EPID) dose reconstruction model (Fig. 2), 
previously validated for SIMT-SRS application with a 
mean (± SD) dose accuracy of -0.2 ± 2.1% [9].

Fig. 2: Illustration of the EPID-based 3D dose SIMT-SRS VMAT measurement

AIM
The aim of the ESPRESSO group in this study was to 
develop and validate a universal beam model (UBM) for 
SIMT-SRS VMAT delivered on Varian TrueBeamTM to 
minimise risk of gross and systematic beam modelling 
errors. The hypothesis was the demonstrated small field 
dosimetric equivalence of Varian TrueBeam equipped 
with a high-definition multi-leaf collimator (HD-MLC) 
enables the implementation of a UBM capable of 
achieving dose calculations within ± 5% accuracy of 
measured dose.

Fig. 1: Depiction of the planned SIMT-SRS coaxial target volumes and VMAT 
arc arrangement. Jaw positions were fixed to include both PTVs (jaw tracking 
disabled), with collimator rotations optimized to minimize jaw aperture size. 
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RESULTS and DISCUSSION
Dosimetric equivalence of Varian TrueBeam 6FFF SIMT-
SRS VMAT across the 11 institutions demonstrated a 
coefficient of variation (standard deviation/mean) in 
measured GTV Dmean < 2.5% down to 5mm target size 
(Fig. 3a). This level of agreement is comparable that 
reported in large-field findings [10], realised by utilising 
the EPID dose reconstruction model which reduces the 
measurement uncertainty otherwise associated with 
small field phantom setup, detector positioning and 
calibration. As demonstrated in Fig. 3b, these findings 
support the feasibility of implementing a UBM for SIMT-
SRS VMAT capable of achieving dose calculations within ± 
5% accuracy of measured dose across the range of beam 
qualities (PDD10), HD-MLC DLG’s and small MLC defined 
output factors reported in Table 1.

Fig. 3: Population based box & whisker distribution plots of percentage dose 
differences in measured SIMT-SRS VMAT GTV Dmean grouped by target 
diameter (n = 6x11) relative to (a) the measured average, and (b) the TPS 
dose calculation (where a positive value indicates TPS is higher than 
measured). 

Evaluating the efficacy of the UBM, a statistically 
significant (p < 0.05) improvement in dose calculation 
accuracy for more than half the participating institutes (6 
of 11) was demonstrated at the 5mm target size (Fig. 4). 
This increased to 73% (8 off 11) when the UBM’s ELM LG 
and transmission were updated with the institute specific 
values (UBMInstLG). These findings are consistent with 
previous large-field observations where use of 
representative data for beam modelling has been shown 
to improve the dose calculation accuracy, on average, 
when compared with institution derived models [11-12]. 
Significantly, 2 institutes showed a dose deviations > 10% 
attributed to atypical DLG (Inst. D) or spot size (Inst. K) 
modelling parameters. For the larger targets of 10mm 
and 20mm size, UBMInstLG exhibited improvement in dose 
calculation accuracy for 6 and 3 institutes, respectively. 

Fig. 4: Institute based box & whisker plots of percentage dose differences in 
measured SIMT-SRS VMAT GTV Dmean for the 5mm target size (n = 6) relative 
to TPS dose calculation. Compared to the Institute’s own TPS, clear benefit in 
dose-calculation accuracy was observed using the UBM for institutes J, K, I, F, 
B, and D with the updated UBMInstLG also benefiting institutes L and G.

KEY FINDINGS
First study to demonstrate small field dosimetric equivalence on Varian TrueBeam for SIMT-SRS VMAT treatment

Potential change in paradigm for SIMT-SRS beam model commissioning to improve safety and resource efficiencies: 
• Tune beam quality (PDD10) to match the Varian Reference Beam Data of 63.5% ± 0.5% as used by the UBM.
• Tune MLC leaf gap calibration to match DLG (ELM LG) of 0.54 ± 0.30mm as used by the UBM.

CONCLUSION
Application of a UBM in Varian Eclipse v18.1 with fixed open beam configuration and direct input of an institute’s 
measured HD-MLC leaf gap and transmission is feasible for accurate SIMT-SRS VMAT dose calculation on TrueBeam.

INTRODUCTION
Single-isocentre multi-target (SIMT) stereotactic 
radiosurgery (SRS), together with non-coplanar 
volumetric arc radiotherapy (VMAT), delivers highly 
conformal and ablative radiation doses for the treatment 
of small (≤ 20mm size) off-axis intracranial targets in a 
single plan delivery. 

The electronic amorphous silicon p-i-n-based remote 
survey of small-field output (ESPRESSO) consortium
consists of 11 international radiotherapy institutes, 
formed with a vision to mitigate the risks and challenges 
associated with SIMT-SRS VMAT beam model 
commissioning, PSQA and auditing (benchmarking).

Treatment planning system (TPS) beam modelling 
represents 4 of the 5 top ranking risk failure modes in 
radiotherapy [1] - with atypical beam model 
configuration identified as the largest cause of 
independent dosimetry audit failure in the large-field 
setting [2]. In the small-field SIMT-SRS VMAT setting, 
source occlusion and loss of lateral charge particle 
equilibrium (CPE) magnifies the sensitivity of any 
inaccuracies in beam model configuration [3, 4] – with 
associated dose measurements being resource intensive 
and subject to increased uncertainty due to phantom-
detector positioning and perturbation effects.
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