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ABSTRACT

Background: The purpose of this study was to describe the use of the VIPER software for patient-specific quality assurance
(PSQA) of single-isocenter multitarget (SIMT) stereotactic radiosurgery (SRS) plans.

Materials and methods: Twenty clinical of intensity-modulated (IMRT) SIMT SRS plans were reviewed. A total of 88 brain me-
tastases were included. Number of lesions per plan and their individual volumes ranged from 2 to 35 and from 0.03 to 32.8 cm’,
respectively. Plans were designed with the Eclipse system, and delivered using a Varian CLINAC linac. SRS technique consisted
of non-coplanar static-field sliding-window IMRT. Each plan was mapped onto a virtual cylindrical water phantom (VCP) in
the Eclipse to calculate a 3D dose distribution (verification plan). The VIPER software reconstructed the 3D dose distribution
inside the VCP from the acquired in-air electronic portal image device (EPID) images of the treatment fields. A 3D gamma
analysis was used to compare the reconstructed doses to the Eclipse planned doses on the VCP. Gamma passing rates (GPRs)
were calculated using 3% global/2 mm criteria and dose thresholds ranged from 10% to 90% of the maximum dose.
Results: The averages (+ 1 SD) of the 3D GPRs over the 20 SRS plans were: 99.9 + 0.2%, 99.7 + 0.3%, 99.6 + 0.5%,
99.3+0.9%,99.1 £ 1.6%, 99.0 £ 1.6%, and 98.5 + 3.3%, for dose thresholds of 10%, 20%, 30%, 50%, 70%, 80% and 90% respec-
tively.

Conclusions: This work shows the feasibility of the VIPER software for PSQA of SIMT SRS plans, being a reliable alternative to
commercially available 2D detector arrays.
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Introduction 2to 4 vs. 5to 10 BMs [2]. The SRS is preferred over

WBRT in limited brain metastases because it has

The use of stereotactic radiosurgery (SRS) for shown better learning and memory preservation in

treatment of multiple brain metastases (BMs) has in- several randomised trials. Moreover, it is emerging

creased over the last years. Many articles and guide- as an alternative treatment in selected cases of mul-

lines have suggested the role of SRS for patients tiple brain lesions (up to 15) because it did not seem
with multiple BMs [1-5]. For instance, the prospec- to affect the survival outcome [6].

tive trial of Yamamoto et al. found no differences in Delivery of SRS for multiple BMs has been de-

overall survival or neurologic mortality with SRS for scribed using the Gamma Knife (GK) treatment
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unit (Elekta, Stockholm, Sweden), considered by
some as the gold standard of treatment in terms of
sparing normal tissue and high localization pre-
cision [7, 8]. However, a recent multi-institution-
al study found similar overall survival with lower
incidence of radionecrosis in patients with mul-
tiple BMs treated with linear accelerators (linac)
compared to GK SRS [9]. A single isocenter can-
not be used with GK to treat all of the lesions si-
multaneously at the cost of long beam-on times of
even hours [10]. In contrast, linacs do allow the use
of a single isocenter such that multiple BMs can be
simultaneously treated within several minutes [11].
The use of single isocenter and delivery techniques
of intensity-modulated (IMRT) and volumetric arc
therapy (VMAT) has expanded in recent years for
simultaneous SRS of multiple BMs [12-15].

SRS treatment plans present higher dose hetero-
geneity and faster dose fall-offs in tissue around
the targets in comparison with conventionally frac-
tionated radiotherapy. Clinical implementation of
linac-based SRS for multiple BMs requires a pa-
tient-specific quality assurance (PSQA) procedure
to verify that the approved treatment plan can be
accurately delivered. A pre-treatment verification
of dose delivery based on dosimetric measurements
is highly recommended within the PSQA [16].

To do such measurements, a few “stereotactic”
2D arrays with a relatively high spatial resolution
are commercially available. Higher spatial reso-
lution, larger detection area and lack of angular
dependence which enable non-coplanar measure-
ments can be attained with a radiochromic film.
Although film is typically limited to measurements
in either a coronal or sagittal plane, a cylindrical
rotational phantom allowing any plane orienta-
tion has been described [17]. However, still it is not
always possible to catch all targets in a single mea-
surement performed with a 2D detector. Linacs
are currently equipped with electronic portal im-
aging devices (EPIDs) with a large detection area
(up to 40 x 40 cm’) and high spatial resolution
(up to 0.3 mm/pixel), making possible a three-di-
mensional (3D) dose reconstruction over the whole
patient head volume [18]. Therefore, the EPIDs of-
fer an interesting solution for verification of single
isocenter multiple-target (SIMT) SRS plans, if 3D
dose reconstruction is performed [19]. This ap-
proach was described by Ansbacher for verification
of IMRT plans [20]. Audits of IMRT and VMAT

for clinical trials have been done using the VIPER
(VIrtual Phantom Epid dose Reconstruction) soft-
ware that permits the 3D dose reconstruction from
EPID images [21, 22]. However, no SRS plans were
included in those audits.

There are several commercially available sys-
tems offering 3D dose reconstruction from EP-
ID-based measurements, but none of them is
designed to work using a virtual phantom [23].
Recently, the accuracy of the VIPER software has
been assessed by our group to be used for 3D SRS
verification [24]. The aim of this study is to describe
our experience using the VIPER software for PSQA
of SIMT SRS plans.

Materials and methods

The VIPER software

The VIPER software was developed at the Cal-
vary Mater Newcastle Hospital (CMNH) for EP-
ID-based 3D dose distribution reconstruction onto
a virtual water phantom [25, 26]. VIPER can be
used for either 2D or 3D dose reconstruction to
perform dosimetric verification of the individual
fields or composite plan, respectively. However, it
was shown by Kruse that single field planar verifi-
cation is insensitive and not sufficient to detect im-
portant dosimetric inaccuracies of the overall IMRT
plan [27]. Therefore, 3D reconstructed dose-based
verification is better than using 2D reconstructed
doses. The resulting 3D dose can be compared with
the corresponding dose distribution computed by
a treatment planning system (TPS) to be evaluated.

Instructions provided by CMNH were followed
to obtain a VIPER (v. 3.10 beta, May 2019) cali-
bration tailored to our facility. VIPER was config-
ured for 6 MV beams from a Varian CLINAC 2100
CD linac (Varian Medical Systems, Palo Alto, CA),
equipped with the Millennium 120 multileaf col-
limator (MLC) and the PortalVision aS500 EPID.
Repetition rate of 600 monitor units per minute
was used.

The validation and feasibility of VIPER for SRS
plan verification were described by our group in
a recent publication [24].

Evaluation of SIMT SRS plans using VIPER

At the time of elaboration of this manuscript,
SIMT SRS plans were planned in our department
with the sliding window IMRT technique, by us-
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Figure 1. Workflow for a VIPER verification of a single-isocenter multitarget stereotactic radiosurgery (SIMT SRS) plan.
TPS — treatment planning system; CT — computed tomography; VCP — virtual cylindrical water phantom. IMRT — intensity

modulated radiation therapy

ing a non-coplanar arrangement of 6 MV beams
from a CLINAC 2100 CD linac. Plans were cal-
culated with 1 mm grid size using the anisotropic
algorithm (AAA) algorithm of the Eclipse TPS.
In a previous work, we investigated the Eclipse
dose calculation accuracy, as well as the targeting
accuracy of our linac to treat multiple targets with
a single-isocenter [28, 29].

Figure 1 shows the flux diagram to perform a 3D
VIPER-based verification of a SIMT SRS plan. In
the Eclipse TPS, the patient plan has to be copied
onto a virtual cylindrical phantom (VCP) to be
recalculated by keeping the original MUs and flu-
ences (verification plan). Then, the VCP-based plan
and an open 10 x 10 cm’ field (100 MU) have to
delivered onto the EPID. The 10 x 10 cm’ image
is used by VIPER to calibrate the EPID signal to
dose conversion, as VIPER cannot assess absolute
beam output. Optionally, the EPID image from
a 40 x 30 cm’ field covering whole detector is used
to normalize the off-axis response of the EPID. For
all the plans included in this study, 10 x 10 cm’
and the 40 x 30 cm’ calibration images were ac-
quired on each verification plan. The recorded im-

ages in DICOM format, the RP DICOM Plan file
and the RD DICOM Dose files of the SRS plan to be
verified are imported into VIPER software. VIPER
uses the gantry angle reported in the DICOM im-
age header for its dose reconstruction, and this re-
lies on regular quality assurance of gantry angle as
is required in radiation therapy.

VIPER imports the TPS dose matrix and in-
terpolates it to 2 mm isotropic coordinates. VI-
PER then calculates the 3D dose in VCP from at
the same resolution (2 mm). This resolution is
a compromise to get reasonable speed and not re-
quire too much RAM memory. Both dose distri-
butions are interpolated to a fine grid resolution
of 0.8 mm, and the gamma index for each fine
grid point is calculated. The conventional gamma
index calculation algorithm is used which calcu-
lates the absolute magnitude of dose difference
[30]. To avoid erroneous gamma normalization
doses due to EPID noise, the TPS dose is used
as reference. Once the gamma index values are
obtained, they are interpolated back to 2 mm res-
olution. Finally, both dose distributions (Eclipse
vs. VIPER) can be compared using the 2D and 3D

https://journals.viamedica.pl/rpor 451



Reports of Practical Oncology and Radiotherapy 2022, vol. 27, no. 3

Analysis Type
Beam Mocel Prantom

Cyinder2tem

Compute Dose. |

5 0 5 0 5
X-Direction (cm)

250 ;"-\ .7:,“
150 (’EI J l(a
NV \\

] f
= ]V \

- - A o
-20 15 -10 5 o 5 10 15 20
Z-Direction (em)

o
20 15 10 5 o 5
X-Direction {cm)

0 15 20

8

Reference Pent

sssssss

X fem) ¥ (emp

Save Resuls

Imags Compare

) |

Figure 2. User interface of the VIPER software: the 3D dose distribution from Eclipse (TPS Dose) over the cylindrical water
phantom is compared with the corresponding 3D dose derived by VIPER (EPID Dose) from in air EPID-images. The user can
synchronically navigate to sagittal, coronal and transversal planes, to compare dose profiles and obtain the 2D gamma index.

3D gamma index is also available

gamma analysis tools available in the VIPER soft-
ware (Fig. 2).

Twenty SIMT SRS cases (88 BMs) treated at our
department were retrospectively included in this
study. The number of lesions per case and their
individual volumes ranged from 2 to 35 (median:
2) and 0.03 to 32.8 cm’ (median: 0.7 cm’), respec-
tively. The median distance from the center of each
lesion to the treatment isocenter was 5.8 cm (range:
0.3-10.5 cm).

The dosimetric agreement between Eclipse
and VIPER plans was assessed using the 3D gam-
ma tool available in the VIPER software. Global
gamma analysis was used, i.e., the dose difference
is calculated in respect to the maximum dose giv-
en by Eclipse. At least 1 mm and 5% dose accura-
cy is recommended in SRS treatment verification
due to the high-spatial resolution and high-accu-
racy in dose required for this kind of treatment,
respectively [31].

As Miften et al. stated, there is a need to con-
sider both the spatial and dosimetric uncertain-
ties when comparing dose distributions to deter-
mine if the reference and evaluated dose distri-
butions agree to within the limits that are clini-
cally relevant [32].In the gamma index analysis,
the spatial analog to the dose difference is the dis-
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tance-to-agreement (DTA) metric. As the dose
distribution measurements have some spatial un-
certainty, the DTA criterion can be partly defined
based on the measurement error. The mechanical
accuracy of the EPID arm during gantry rotation,
including the ISOCAL EPID positional correction
available on the Varian CLINAC, was assessed in
0.6 mm. Therefore, although SRS delivery accu-
racy is aimed for < 1 mm, we have chosen a DTA
of 2 mm to take into account the EPID positional
error. In the context of PTV margins used for
treatment, Bossuyt et al. described the use of
the CTV-PTV margin as DTA for transit in-vi-
vo PSQA based on EPID measurements [33].
The 2 mm-DTA used in the present study coin-
cides with the CTV-PTV margin implemented in
our SIMT SRS policy [29]. So, a successful GPR
using 2 mm-DTA is compatible with an adequate
dosimetric coverage of the lesions.

On the other hand, the Task Group (TG) No
218 report of the American Association of Physi-
cists in Medicine (AAPM) recommends the use of
3%/2 mm for patient-specific IMRT QA [32]. So,
gamma passing rates (GPRs) using the 3%/2 mm
criteria were computed in this study for dose
thresholds of 10%, 20%, 30%, 50%, 70%,80%,
and 90% of the maximum dose (100%) comput-
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ed by the VIPER software. A level of 90% GPR
was considered as the minimum acceptable for
the comparison [32].

Evaluation of the VIPER sensitivity

The sensitivity of the software VIPER to catch
dosimetric errors was evaluated using a SIMT-SRS
plan designed in the Eclipse TPS for ten 1 cm-di-
ameter targets scattered inside the VCP (reference
plan). This plan was irradiated onto the EPID
and the corresponding 3D dose reconstruction
was performed with VIPER. 3D gamma analysis
with 3%/2 mm criteria was done and the GPRs for
the dose thresholds of 10%, 20%, 30%, 50%, 70%,
80%, and 90% were used as references. Three new
plans were created in the Eclipse TPS by introduc-
ing intentional MLC errors in the reference plan,
by shifting all the leaves in the MLC bank A by 0.2,
0.5, and 1 mm, respectively. For each erroneous
plan, a VIPER verification was done using the EPID
images of the reference plan.

Results

The 3D dose distributions computed in the VCP
by the Eclipse TPS were compared with those given
by the VIPER software. Table 1 summarizes the 3D
gamma analysis results for criteria of 3%/2 mm
and different threshold values of the maximum dose
in the VCP, for the twenty SIMT SRS cases included
in this study. Average 3D GPRs were greater than
98% for all threshold values. The minimum GPR was
86.9% and it was registered for the 90% dose thresh-
old. For the remaining dose thresholds, all GPRs
were above the 90% acceptability limit. Confidence
limits (CLs), as baseline expectation values for QA of
SIMT SRS plans, were calculated following the meth-
odology described by the AAPM TG-119 [34]. Fig-
ure 3 illustrates the 3D GPRs.
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Figure 3. 3D gamma passing rates (GPRs) for VIPER
verification of 20 single-isocenter multitarget stereotactic
radiosurgery (SIMT SRS) plans calculated in the Eclipse
treatment planning system (TPS). Box plots are displayed
for several dose thresholds applied in the gamma analysis.
Circle: mean; cross: maximum and minimum; box: 25-75%
percentiles; whiskers: 5-95% range

Figure 4 shows the sensitivity of the VIPER soft-
ware to the intentionally created dosimetric errors
in the MLC. The 3D GPRs for 3%/2 mm crite-
ria decreased with the induced errors for all dose
thresholds used for the gamma analysis. However,
the dose thresholds detecting a GPR below the ac-
ceptable limit of 90% were 90%, 50% and 20% for
the 0.2, 0.5 and 1 mm induced errors, respectively.

Discussion

We have previously reported the accuracy of
the VIPER software to be used for PSQA of SIMT
SRS plans [24]. In the current study its applica-
tion for verification of clinical plans designed with
the Eclipse TPS has been described.

Table 1. 3D GPRs for 3%/2 mm criteria and variable dose threshold (Th), averaged over the 20 single-isocenter multitarget
stereotactic radiosurgery (SIMT SRS) cases included in this study, with associated confidence limits (CLs) criteria

Variable 10%Th 20%Th 30%Th 50%Th 70%Th 80%Th 90%Th
Min (%) 99.4 99.0 98.1 96.6 93.1 93.3 86.9
Max (%) 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Mean (%) 99.9 99.7 99.6 99.3 99.1 99.0 98.5
SD (%) 0.2 0.3 0.5 0.9 1.6 1.6 33
CL (%) 99.5 99.1 98.6 97.5 96.0 95.8 92.0

SD — standard deviation
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Figure 4. Sensitivity of the gamma passing rates (GPR) metric given by the VIPER software to induced multileaf collimator

(MLC) errors of 0.2,0.5 and 2 mm

The 3D gamma analysis over the 20 SIMRT
SRS plans showed excellent GPRs, regardless of
the applied dose threshold (Tab. 1). A reduction
of the mean GPR and an increment of SD of GPR
were observed as the dose threshold decreased, as
the number of voxels contained in the dose thresh-
old-defined volume decreases. Anyway, very high
CLs for the GPR were obtained for all dose thresh-
olds. For the 90% dose threshold, the CL was 92%,
i.e., still above the universal action limits recom-
mended by the AAPM TG-218 report [32]. Pre-
scription dose is typically assigned to the 70-80%
isodose line in our SRS plans, being 100% the max-
imum dose. Therefore, the 3D gamma analysis in
the region of the VCP confined by the 90% dose
threshold may not be too significant for our anal-
ysis. On the other hand, VIPER was sensitive to
detect a MLC error of 1 mm when a dose thresh-
old of at least 20% was used. Therefore, we look
at the 3%/2 mm GPRs for thresholds from 20%
to 80% when SIMT SRS plans are verified using
the VIPER software.

The sensitivity test reported that the smaller in-
duced error of 0.2 mm could be caught by VIPER
when the 90%-threshold is inspected. So, VIPER
is able to detect systematic errors in leaf position
below the 0.3-0.5 mm limit required to ensure ac-
ceptable levels of deviation in dose [35, 36].

The VIPER software is a virtual non-transit
3D dosimetry method, alternative to the use of
physical phantoms. The literature available about
this method for verification of SIMT SRS plan is
scarce. Olaciregui-Ruiz et al. compared the planned

with the reconstructed dose distributions generat-

ed using a research version of the iViewDose sys-

tem (Elekta AB, Stockholm, Sweden) [37]. They

performed 3D gamma analysis (3% global/2 mm)

within the volume surrounded by the isodose

surface defined by 50% of the maximum planned
dose, with an average GPR of 98.0 + 3.0%, but
verifications of SIMT SRS plans were not included.

Alhazmi et al. also described the feasibility of veri-

fied IMRT and VMAT plans using an EPID-based

algorithm for 3D dose reconstruction on a virtual
cylindrical water phantom, but SIMT SRS plans

were not included in their study [38].

As far as we know, our study is the first appli-
cation of non-transit 3D EPID dosimetry for
pre-treatment PSQA of SIMT SRS plans. This study
reveals the VIPER software as an excellent tool for
verification of SIMT plans, without the pitfalls re-
lated to the detector size and spatial resolution of
commercially available 2D detectors.

Several limitations of the version of the VIPER
software used in this study can be mentioned:

1. This study does not include VMAT plans, as this
technology was not available at our department.
However, we truly expect that the outcomes
achieved in this work can be extend for VMAT
SRS plans. This issue will be investigated by our
group in the near future;

2. VIPER uses in air-EPID images to reconstruct
the 3D dose inside a virtual phantom. So, poten-
tial dosimetric errors due to inaccuracy of the lin-
ac couch rotation will not be always detected by
VIPER. This is a VIPER drawback in comparison
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with commercially available 2D detector arrays,
which may have worse detector resolution but
when placed on the couch they can verify overall
effect of all components of a treatment plan. In
this way, VIPER is able to detect discrepancies
between the planned and the actual beam de-
livery onto a virtual cylindrical water phantom,
excluding the potential couch rotation inaccura-
cy. This issue has to be controlled using an ad-
ditional check, as for instance the Winston-Lutz
test that we perform in our clinical practice [39];

3. Rodriguez et al. defined a metric named
dose-volume histogram (DVH) percentage of
agreement (PA), and showed that it was more
sensitive than GPR to detect dosimetric errors
[40]. DVH calculation, however, is not currently
available in the VIPER software. The implemen-
tation of a DVH approach in the VIPER software
was also proposed by Miri et al. [22];

4. 3D dose distribution reconstruction on the pa-
tient’s CT anatomy cannot be done by the VIPER
software, as it is currently performed by other
commercially-available systems [41, 42];

5. As pointed out by Miri et al. [22], VIPER does not
allow an end-to-end audit to be performed, for
instance, absolute beam output, beam profile or
inhomogeneity modelling cannot been assessed.

Conclusions

This work shows the feasibility of the VIPER
software for patient-specific QA of single-isocen-
ter multiple-target SRS plans, being a reliable alter-
native to commercially available 2D detector arrays
for this task.
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