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L E T T E R  T O  T H E  E D I T O R

Potential dose variability for small- field plans delivered 
with Elekta Agility collimators

Dear Editor,
A recent publication by Lorenz and Paris1 

“Identification of a potential source of error for 6 FFF 
beams delivered on an AgilityTM multileaf collimator” 
reported on discrepancy between calculated and 
measured doses to be 10% and 60% at isocenter 
for a 3.5- mm and 1- mm gap field size, respectively. 
The investigators attempted to determine the cause 
of the relatively high failure rates during their patient- 
specific quality assurance (PSQA) when using flatten-
ing filter- free (FFF) photon beams. The investigation 
involved simulating a number of sliding rectangular 
fields in MonacoTM treatment planning system (TPS) 
and measuring the dose delivered by these plans 
with IBA’s Matrixx EvolutionTM detector. Additionally, 
they tested the range of VMAT and DCAT plans using 
ArcCheckTM. The authors concluded that the reduced 
passing rate for plans using FFF was due to the op-
eration of the Agility MLC and its ability to violate leaf 
position tolerances.

We would like to highlight the statement from results 
section “In comparison, the TrueBeamTM delivered all 
these fields according to plan and dosimetric agree-
ment was well within specifications for all gap size.” The 
authors use this justification to focus on the AgilityTM 
MLC operation as the source of this error. We believe 
that this statement may be misleading to those using 
ElektaTM linacs for radiotherapy treatments. At our in-
stitution, a PinnacleTM TPS is primarily used along with 
three ElektaTM linacs (two with AgilityTM MLCs), one 
TruebeamTM, and ArcheckTM for PSQA. Both linacs 
underwent extensive MLC QA during commissioning 
per AAPM TG- 1062 with MLC positions abiding by a 
1- mm tolerance. Additionally, Kabat et al3 reported that 
Elekta AgilityTM MLC position accuracy can be satis-
factorily tested within 0.1 mm tolerance using log files. 
The root mean error is dependent on the speed of the 
MLC (5 mm/s– 35 mm/s) when varied linearly with MLC 
position errors ranging from 0.1 mm to 0.9 mm.

In the context of the publication by Lorenz and 
Paris,1 we retrospectively analyzed the PSQA re-
sults from 20 VMAT treatments planned with FFF 

and non- FFF (referred to as FF) photon beams for 
prostate, brain, liver, lung, and head and neck tumors 
with varied complexity in modulation. Each treatment 
was planned on an Elekta VersaTM (AgilityTM MLC) 
machine with PinnacleTM TPS and measured with 
ArcCheckTM. Planned and measured dose distribu-
tions were compared using gradient compensation, a 
20% dose threshold, and 2.0%/2.0 mm dose difference 
and distance- to- agreement (DTA) criteria. The relative 
number of points passing these criteria were compared 
between plans created with and without the inclusion 
of the flattening filter. An analogous dataset of patients 
planned with FF and FFF photon beams on a Varian 
TruebeamTM linac was obtained, and PSQA results 
were compared between two linacs.

In our study, the average PSQA passing rates on 
the Elekta VersaTM were 90.6% and 94.1% for FFF 
and FF plans, respectively, and the passing rates on 
the TruebeamTM were 91.1% and 96.2% for FFF and 
FF plans, respectively. Differences in passing rates be-
tween FF and FFF plans were statistically significant 
for both linacs (p = 0.002 and 0.004 for ElektaTM and 
TruebeamTM, respectively); however, all plans were 
considered to be clinically acceptable.

While the differences in PSQA for FF and FFF 
photon beams require further investigation, one can-
not necessarily conclude that differences in calcu-
lated and measured doses and the effect on PSQA 
passing rates are solely due to the operation of the 
AgilityTM MLC. Agreement in calculated and measured 
doses can vary with fluctuations in daily output, linac 
limitations, complexity of the measured plan, and a 
myriad of many other factors that have been exten-
sively investigated.4– 7 Treatment plans using FFF 
beams such as stereotactic radiotherapy are gener-
ally highly modulated and typically use small fields 
compared to VMAT plans. When using ArcCheckTM, 
smaller fields also result in a reduced number of mea-
surement points for comparison between calculated 
and measured dose distributions. These plans will 
subsequently reflect large variations in the passing 
rate when a small number of measurement points do 
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1 |  INTRODUCTION

One of the most challenging aspects of radiation ther-
apy treatment is localizing the target. Orthogonal or 
cone- beam computed tomography (CBCT) imaging is 
common for modern linear accelerator- based (linac) 
treatment, though soft tissue evaluation can be difficult 
to evaluate using these methods. To help with these 
challenges, it is common to insert fiducial markers such 
as gold seeds into or adjacent to the target to be used 
as surrogates for localization. These fiducials can also 
be used to monitor the target during treatment, though 
more sophisticated tools are required.

For departments using Varian TrueBeam® linacs 
with Advanced Imaging, Intrafraction Motion Review 
(IMR) is a tool for monitoring fiducial positions through-
out treatment. Fixed points in space with reference to 
isocenter, known as markers, are placed in reference 
to the fiducial location during treatment planning. IMR 
uses the position of the markers to calculate where the 
fiducials would be expected when taking kilovoltage (kV) 
images at associated gantry angles during treatment 
and an algorithm compares these expected locations to 
the detected fiducial location in the image. The images 
are taken orthogonal to the treatment axis, and the fre-
quency of the imaging is determined by the user based 
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Abstract
The current clinical interface for Varian's intrafraction motion review (IMR) is 
limited, providing only qualitative data for review at the treatment console. This 
study provides a method of extracting and interpreting data from combined log 
files for quantitative evaluation. Combined log files acquired during patient treat-
ment and a parsing code was developed to scan the combined log file looking 
for unique identifiers pertaining to the data of interest. We were able to extract 
clinically relevant parameters from the log files including date and time, gantry 
angle, expected marker position, found marker position, pixel size, and detection 
result. This study details how to compare IMR data to Calypso investigating dual- 
surrogates for intrafraction monitoring during treatment for other researchers to 
build on these methods. Understanding data recorded during treatment within 
the combined log files can be helpful in quality improvement of patient care by 
retrospectively reviewing intrafraction motion.
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not pass the 2.0%/2.0 mm criteria. Additionally, the 
AgilityTM MLC requires a gap between corresponding 
leaves of 5 mm when projected at isocenter. Therefore, 
the dose errors reported by Lorenz and Paris1 for field 
sizes smaller than 3.5 mm will not necessarily be 
found in most clinical plans. This limitation in leaf gap 
width may also be a source of discrepancy. If plans 
are created with gap sizes smaller than 5 mm, then 
the calculated dose distributions will differ from those 
that can be delivered with an AgilityTM MLC based on 
these limitations.

Finally, Lorenz and Paris1 found that the discrepan-
cies in measured and calculated doses on the ElektaTM 
linac were not found for similar plans on a VarianTM 
linac. Our results indicated that these discrepancies 
persisted with either linac manufacturer with FFF plans 
having significantly lower passing rates than FF plans. 
This may indicate that their reported issues are not 
within the MLC design, but within the commissioning 
and beam modeling performed by the authors.

While the results obtained from the current study 
support the notion that additional investigations 
should analyze the effects of small fields, highly 
modulated fields, and the relationship between 
planned and measured dose grids on PSQA, they do 
not necessarily indicate that discrepancies in these 
measurements lie within the AgilityTM MLC itself. 
To fully understand the implications of differences 
in calculated and measured dose distributions, ad-
ditional studies are required in the context of small- 
field dosimetry and beam modeling, which TG- 1558 
has addressed. While we respectfully suggest that 
the authors of the cited publication1 may have used 
unnecessarily alarming language that could other-
wise undermine the confidence of the radiotherapy 
community, we are looking forward to the authors 
elaborating on their findings in future publications. 
Additional investigation may aid medical profession-
als in their greater understanding of the dependen-
cies of PSQA on MLC and associated parameter 
operation, particularly for small fields.
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