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ABSTRACT

Background: Dynamic conformal arc therapy (DCAT) and volumetric modulated arc therapy (VMAT) can achieve near equal
plan quality in single-isocenter multiple target stereotactic radiosurgery (SRS) for brain metastases. This study aimed to in-
vestigate the impact of multi-leaf collimator (MLC) errors during beam delivery on the dose distribution for each technique.

Materials and methods: A 10-mm diameter delineation of the three targets was employed on the computed tomography
images of a head phantom, and the reference plans were created using the DCAT and VMAT. We simulated the systematic
opened and closed MLC errors. 10 MLC error plans with different magnitudes of errors were created in each technique. We
investigated the relationship between the magnitude of MLC errors and the change in dose-volume histogram parameters
of the targets and normal brain tissue.

Results: The percentage change in the Dy, (Gy) and Dy (Gy) of the target per millimeter of the MLC errors were 13.3%
and 2.7% for the DCAT and 15.3% and 9.3% for the VMAT, respectively. The fluctuations of the maximum dose were very small
for the DCAT compared to the VMAT. Changes in the V,,, (cc) of the normal brain tissue were 47.1%/mm and 53.2%/mm for
the DCAT and VMAT, respectively, which are comparable changes for both techniques.

Conclusions: Although the impact of MLC errors on the target coverage and the normal brain tissue is comparable for both
techniques, the internal dose of the targets generated by the DCAT technique is robust to the MLC errors.
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Introduction

Single-isocenter multiple target stereotactic
radiosurgery (SRS) for brain metastases based
on the linear accelerator can be performed using
the treatment techniques of dynamic conformal
arc therapy (DCAT) or volumetric modulated arc
therapy (VMAT) [1-5]. Both irradiation tech-
niques can create a high-dose and steep dose dis-

tribution to the target using a multi-leaf collima-
tor (MLC).

The VMAT technique requires a strict MLC po-
sition accuracy because they move dramatically
during beam delivery. Oliver et al. [6] reported that
the systematic MLC errors should be < 0.6 mm for
the head and neck VMAT. Deng et al. [7] reported
that the systematic MLC opening error and closing
error should be less than 0.32 mm and 0.38 mm,
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respectively, in the stereotactic body radiothera-
py (SBRT)-VMAT for non-small cell lung cancer,.
Thus, for smaller target regions, such as a brain me-
tastasis, a more stringent MLC position accuracy
will be required for the VMAT. Conversely, the MLC
segments of the DACT technique are always
opened during beam delivery, and the MLC was
fitted to the edges of the target. However, the dose
distribution may be strongly affected by the MLC
position errors because the target volume is signifi-
cantly small. In previous studies, several research-
ers have focused on the attainable plan quality with
the treatment planning system (TPS) for the sin-
gle-isocenter multiple target SRS treatment, com-
paring the DCAT and VMAT techniques. Ruggieri
et al. [8] reported that both techniques can achieve
the near equal plan quality.

However, the impact of the MLC errors on
the dose distributions may be different, even if
the same dose distribution could be produced by
both techniques. These differences need to be clari-
fied to ensure quality control (QC) of the MLC po-
sition and the commissioning of TPS in each treat-
ment technique.

We evaluated the change in the dose distribution
on the targets and organ at risk (OAR) by simulat-
ing the MLC errors for the DCAT and VMAT tech-
niques using the TPS and anthropomorphic head
phantom. First, we created a reference plan and sys-
tematic opened and closed MLC error plans and in-
vestigated the relationship between the magnitude
of MLC errors and change in dose-volume histo-

gram (DVH) parameters for the two techniques.
Next, gamma analysis was performed on the MLC
error plans to evaluate the agreement with the dose
distribution of the reference plan.

Materials and methods

Phantom objects and computed
tomography (CT) acquisition
A STEEV phantom (CIRS, Norfolk, VA,
USA) was used. CT images were acquired using
an Aquilion LB (Canon Medical Systems Corp.,
Tokyo, Japan), with a 1-mm slice thickness.

Treatment planning

DCAT with reference plan

A 10-mm diameter delineation of the three tar-
gets was employed on the CT images, which were
defined as gross tumor volumes (GTVs). First,
the DCAT plan was constructed using the Elements
Multiple Brain Mets SRS ver.3.0 (Elements MBM,
Brainlab, Munich, Germany). The GTVs were ex-
panded by 1 mm in all directions to form the plan-
ning target volumes (PTVs), which were defined
as PTV_a, PTV_b and PTV_c. Figure 1A shows
the targets position on the CT images. The dis-
tance between isocenter and each PTV was ap-
proximately 2 cm. The treatment plan was creat-
ed using TrueBeam linear accelerator 6 MV FFF
photons (Varian Medical Systems, Palo Alto, CA,
USA) with Millennium 120-MLC (5 mm width

Figure 1. A. The blue contours on the computed tomograpgy (CT) images were 10-mm diameter spheres, which were

defined as gros tumor volumes (GTVs). The red contours were defined as planning trget volumes (PTVs), which added a 1-mm
margin to the GTVs. Three PTVs were defined as PTV_a, PTV_b and PTV_c, and the distance between iso-center and each PTV
was approximately 2 cm; B. Dose distribution of the reference plan with the dynamic conformal arc therapy (DCAT) technique
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leaves). The dose of the 20 Gy per 1 fraction was
prescribed to cover 98% of PTV at 80% isodose
line (IDL). The max dose objective of the PTV was
D, < 25 Gy. Dose calculation was performed using
the Monte Carlo algorithm, and the grid size was
1 mm. We performed a series of experiments with
5 mm and 15 mm as the target diameters.

We exported the DCAT plan to the Eclipse
ver.16.1 (Varian Medical Systems, Palo Alto, CA).
The DCAT plan was recalculated on a 1-mm grid
size and 2.0° gantry steps using the AcurosXB al-
gorithm, which was defined as the DCAT reference
plan (DCAT,;). Figure 1B shows the dose distribu-
tion of DCAT, on the CT images.

VMAT with reference plan

Next, the DCAT, swasreplanned using the VMAT
technique on the Eclipse. Here, no changes were
employed for the gantry angle, number of arcs,
couch positions, isocenter position, collimator an-
gle, prescribed dose, and photon energy. The dose
of 20 Gy was prescribed to each PTV. Dose calcu-
lation was performed using the AcurosXB algo-
rithm with a 1-mm grid size and 2.0° gantry steps.
Finally, the plan was normalized to at least 98% of
the PTV_b receiving 100% of the prescribed dose,
which was defined as the VMAT reference plan
(VMAT,).

Moreover, we calculated the Paddick conformity
index (CI) [9] and gradient index (GI) [10] as in-
dicator of the dose conformity and the dose fall-off
as follows:

_ (TVPTV)?

=— 1
TV x PIV M)

where the TVPTV is PTV volume covered by
100% of prescription dose and TV is target volume,
PIV is the total volume covered by the prescribed
dose.

_ PIVhaie

GI PIV 2)

where the PTV,,is the volume covered by half
the prescription dose.

Table 1 shows the DVH and plan parameters of
the reference plan with the DCAT and VMAT tech-
niques. The reference plans of both techniques had
nearly equivalent DVH parameters.

MLC error plan creation

The systematic opened and closed MLC position
errors were simulated as these will strongly affect
the dose distribution than the random MLC errors
[6, 11]. We exported the DICOM-RT Plan files of
the DCAT,; and VMAT,; to Python (ver. 3.8.5)
from the Eclipse and changed the MLC positions
using an in-house code.

The magnitudes of the simulated systemat-
ic MLC errors were + 0.1, £ 0.2, + 0.3, £ 0.5,
and * 1.0 mm, respectively, which were added to
the MLC position of reference plans in every con-
trol point for each MLC bank. Namely, the chang-
es in the MLC gap widths of the reference plan
were + 0.2, + 0.4, + 0.6, + 1.0, and + 2.0 mm.
Consequently, ten MLC error plans which had
different magnitudes of errors were created in
each technique. The positive and the negative val-
ue indicated the opened and closed MLC errors,
respectively.

Table 1. Dose-volume histogram (DVH) and plan parameters of the reference plan with the dynamic conformal arc therapy

(DCAT) and volumetric modulated arc therapy (VMAT) techniques

Reference plan parameters

alost Number of arcs
diameter Technique Brain-PTVs
[mm] (non-coplanar)
Doy, [GY] Do.1% [GY] Viagylcc]

DCAT ) 6822 21.8+0.01 28.2+0.27 23 0.58 4.66
5 53

VMAT 9594 20.0+0.11 28.0+0.36 2.6 0.52 6.45

DCAT ) 5951 21.0+0.24 27.0+0.18 74 0.72 3.70
10 503

VMAT 6655 19.9 + 0.48 27.1+£0.25 7.5 0.79 4.48

DCAT @ 5998 20.6 = 0.09 26.3+0.32 14.9 0.82 3.31
15 6(4

VMAT 7224 20.1 £0.08 26.2 +0.03 15.0 0.87 3.76

The Dy, (Gy) and Dy, (Gy) values were mean + standard deviations of theplanning target columes (PTVs). Numbers in parentheses indicate the non-coplanar
arcs. MU — Monitor unit; Cl — conformity index; Gl — gradient index
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Figure 2. Example of the multi-leaf collimator (MLC) positions with the reference plan and MLC error plans for the dynamic
conformal arc therapy (DCAT) and volumetric modulated arc therapy (VMAT) techniques as follows. A. Reference plan with
the DCAT; B. closed 1-mm MLC errors with the DCAT; C. reference plan with the VMAT; D. closed 1-mm MLC errors with

the VMAT
However, the MLC errors were not added to

the reference MLC position in the following cases:
(1) If the MLC gap width is 0 at the reference plan
(i.e., when the MLC positions of A and B bank were
the same value) and (2) if the MLC gap width is < 0
when the closed MLC errors were added to the ref-
erence position. (This is because the MLC bank
of A and B will collide). Figure 2 provides an ex-
ample of the MLC position of the reference plans
and MLC error plans for the DCAT and VMAT
techniques.

We inserted the 10 MLC error plans back into
the Eclipse and then recalculated the dose distri-
bution under the same MU and MLC motion of
the reference plans.

Plan comparison between the reference
plan and MLC error plans

We calculated the difference in the DVH param-

eters between the reference plan and MLC error

plans. The difference in Dyg, (Gy) and D, ,,, (Gy) of
the PTVs from the reference plan dose was calcu-
lated as follows:

Derror - Dref % 100 (3)
Dref

where the D,,,.,, and D,;are the doses for the MLC
error plan and reference plan, respectively.

The difference in Vg, (cc) of the brain-PTVs
from the reference plan volume was calculated as
follows:

Dose difference (%) =

Volume difference (%) = Verror = Vrer x 100 (4)
Vref
where the V.., and V. are the volumes for
the MLC error plan and reference plan, respectively.
We applied the linear regression analysis be-
tween the magnitude of MLC errors and the change
in the DVH parameters to assess the sensitivi-
ty of the DCAT,; and VMAT,; to the MLC er-
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rors. The dose or volume percentage change per
1.0 mm of the MLC errors can be expressed as
the slope value of the linear regression equation,
which would be higher for the irradiation tech-
niques that are more susceptible to MLC errors.
The linear regression analysis was performed using
the Microsoft Excel 2021.

Moreover, we calculated the change in CI and GI
relative to the reference plan due to the MLC error
as follows:

CIerror —CI

ref % 100 (%)  (5)
CIref

Claigr =
where the CI.,., and CI,; are the values of CI for
the MLC error plan and reference plan, respectively.

G'Ierror —GI

ref % 100 (%)  (6)
GIref

Glaier =
where the GI,,,,, and GI,; are the values of GI for
the MLC error plan and reference plan, respectively.

Gamma analysis of dose distribution
between the reference plan and MLC
error plans

The MIM maestro ver. 7.1 (MIM Software
Inc, Cleveland, OH, USA) was used for the abso-
lute gamma analysis between the reference plan
and each MLC error plan to evaluate dose distri-
bution changes. Local dose normalization with
2%/1 mm criteria was applied to each analysis with
10% and 40% dose threshold. We applied a thresh-

old value of 40% to the gamma pass rate (GPR) cal-
culation to evaluate the high-dose region (> 12 Gy).

Results

Table 2 shows the slope value of the linear re-
gression equation between the magnitude of MLC
errors and change in the DVH parameters for each
target diameter. R-squared values indicate >0.9 for
each DVH parameter, showing high linear rela-
tionships. The slope values increased with the de-
creasing target diameter.

Figure 3 shows the relationship between
the magnitude of MLC errors and the mean per-
centage difference in Dy, (Gy) from the reference
plan for the PTVs in each target diameter. The dose
percentage change in Dy, (Gy) due to the MLC er-
ror of —0.5 mm to + 0.5 mm had the same tendency
for the two techniques, exhibiting linear correla-
tions with the magnitude of the MLC error. Thus,
the impact of MLC errors on target coverage was
comparable for both techniques. For the 1.0-mm
opened MLC error with the DCAT, the change in
the Dy, (Gy) is lower than that of VMAT. This is
attributed to the fact that the MLC edge is com-
pletely distant from the target border through
the addition of an opened error. For the target di-
ameter of 5 mm with the VMAT, the Dy, (Gy) did
not linearly decrease at a closed error of 1.0 mm.
This is because several MLC segments smaller than
1.0 mm were created, which hampered the addi-

Table 2. The slope value of the linear regression analysis between the magnitude of multi-leaf collimator (MLC) errors
and change in the dose-volume histogram (DVH) parameters in each target diameter and technique. The slope value
indicates the dose percentage change per millimeter of the MLC errors for the dynamic conformal arc therapy (DCAT)

and volumetric modulated arc therapy (VMAT) techniques

Target diameters

DVH parameters it

Techniques

5 244 0.964 225 0.989
Do [GY] 10 13.3 0.950 153 0.998
15 10.5 0.998 13.6 0.982
5 7.3 0.930 16.9 0.989
Do.10 [GY] 10 2.7 0.982 9.3 0.995
15 2.0 0.999 9.9 0.982
5 72.5 0.986 71.7 0.946
Vipeylcc] 10 47.1 0.996 53.2 0.981
15 385 0.997 44.7 0.993
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Figure 3. The relationship between the magnitude of multi-leaf collimator (MLC) errors and the mean percentage change in
Dgss, (Gy) for the planning target volumes (PTVs) from the reference plan with the target diameters of (A) 5 mm, (B) 10 mm,
and (C) 15 mm for the dynamic conformal arc therapy (DCAT) and volumetric modulated arc therapy (VMAT) techniques.

The error bars indicate the standard deviation for the three PTVs

tion of 1.0-mm closed errors to the reference posi-
tion of the MLC.

Figure 4 shows the relationship between
the magnitude of MLC errors and the mean per-
centage difference in D,y (Gy) from the refer-
ence plan for the PTVs in each target diameter.
Although the change in D, (Gy) also exhibited
linear correlations with the magnitude of MLC er-
ror for both techniques, the slope values of DCAT
were less than half of those of VMAT in each target
diameter. Thus, the fluctuations in the maximum
dose of targets with the DCAT technique were very
small compared to that of the VMAT technique.
The dose profiles of reference and closed MLC er-
ror plan are shown in Figure 5.

Figure 6 shows the relationship between
the magnitude of MLC errors and the mean per-
centage difference in V¢, (cc) from the reference

plan for the normal brain tissue in each target
diameter. The volume percentage change in Vg,
(cc) with the DCAT also closely resembled that
of VMAT, the changes being comparable for both
techniques in each target diameter.

Figure 7 shows the relationship between the mag-
nitude of MLC errors and the percentage difference
in CI and GI from the reference plan. The CI and GI
were decreased when the opened MLC errors were
added to the reference position, the changes being
equivalent for the two techniques. For target diam-
eter of 5 mm, the CI and GI were stronger changed
by the MLC error.

Figure 8 shows the relationship between
the magnitude of MLC errors and the GPR for each
target diameter. The GPR decreased with the in-
crease in MLC errors for both techniques, which
were more pronounced for the smaller target diam-
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Figure 4. The relationship between the magnitude of multi-leaf collimator (MLC) errors and the mean percentage change in
D, .14 (Gy) for the planning target volumes (PTVs) from the reference plan with the target diameters of (A) 5 mm, (B) 10 mm,
and (C) 15 mm for the dynamic conformal arc therapy (DCAT) and volumetric modulated arc therapy (VMAT) techniques.

The error bars indicate the standard deviation for the three PTVs

eter. The GPR with the DCAT technique is higher
than that of the VMAT technique in each MLC er-
ror plan, except for the target diameters of 5 mm
with threshold 40%. Moreover, the difference in
GPR between the DCAT and VMAT was larger at
the threshold value of 40% than that of 10%. These
results indicated that the change in high dose re-
gions was small for the DCAT technique.

Discussion

To the best of our knowledge, this is
the first study to compare the plan robustness of
the DCAT and VMAT techniques on the MLC er-
rors in the brain SRS. Using the TPS, the impact
of the MLC error on the dose distribution for
the DCAT and VMAT techniques was estimated.
Although the MLC errors on the target coverage,

normal brain tissue, dose conformity and dose
fall-off showed equivalent changes for both tech-
niques, the maximum dose of targets generated by
the DCAT technique was robust to the MLC errors
compared with the VAMT technique.

The VMAT dose distribution is formed by many
MLC segments (MLC gap width) smaller than
the target size during beam delivery. The MLC gap
width errors cause the dose errors, and the small-
er the gap width, the larger the dose error [12].
Moreover, Oliver et al. [6] reported that the gap
width errors are linearly correlated with the dose
deviation. Prentou etal. [13] investigated the impact
of MLC error on the dose distribution for the brain
SRS using the VMAT technique. They concluded
that the MLC gap width error of 0.19 mm may not
be clinically acceptable for the target located in
close proximity to the OAR.
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Figure 5. The dose distribution on the computed tomography (CT) images and the dose profiles of planning target volumes
(PTVs): PTV_a and PTV_b for dynamic conformal arc therapy (DCAT) (A, B) and volumetric modulated arc therapy (VMAT)

(C, D) techniques for the target diameter of 10 mm. The dose profile positions were indicated by the yellow line on the CT
images. The red and cyan profiles represent the reference plan and the closed 1.0 mm multi-leaf collimator (MLC) error

plan, respectively. Internal dose of targets generated by the VMAT was more strongly affected by the MLC errors than that

of the DCAT technique (indicated by black arrows)

For DCAT techniques, MLC segment size is al-
mostthesameasthatofeachtargetsize,and the MLC
positions are always placed on the edge of the tar-
gets. The errors mainly related to the target border
will only affect the peripheral dose of the targets.
Thus, we also investigated the change in Vg, (cc)
of normal brain tissue because of the predictor for
radiation necrosis [14]. The dose of normal brain
tissue was linearly increased by the opened MLC
errors, the target conformity decreased in both
irradiation techniques. Hence, our results indicat-
ed that the dose or volume changes in Dy, (Gy)
and V¢, (cc) due to the MLC error for the DCAT
were comparable to that of VMAT.

The change in the maximum dose of the target
due to the MLC errors was found to be small in
the DCAT technique. These results indicate the pres-
ervation of internal dose distribution of targets. This
is because the MLC does not pass over the target
center. Therefore, the GPR with the DCAT tech-
nique between the reference plan and the MLC error
plan is higher than that of the VMAT technique. In
general, the dose for brain metastases is prescribed
by the IDL [15, 16]. The dose inside targets is high-

er than the prescription dose and is associated with
the local control [17, 18]. Hence, to ensure the inter-
nal dose distribution of targets, the DCAT technique
is robust when employed to the MLC errors.

Previous studies elucidated on the attainable plan
quality and compared them between the DCAT
and VMAT techniques [3, 19, 20]. Hofmaier et al.
[21] reported that the DCAT technique performs
better than the VMAT technique when the target
shape is nearly spherical, while the VMAT tech-
nique is superior for irregular shapes. Torizuka et al.
[20] compared the plan quality between the co-
planar VMAT, non-coplanar VMAT, and DCAT
technique and reported that the non-coplanar
VMAT can improve the target conformity and nor-
mal brain tissue. However, the impact of MLC
errors during beam delivery on the dose distribu-
tion has never been clarified. Our results showed
that the impact of MLC errors on the target cover-
age and normal brain tissue is comparable for both
techniques. These results indicate that the QC of
the MLC position for the DCAT technique would
require performance at the same tolerance level as
for the VMAT technique.
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Figure 6. The relationship between the magnitude of multileaf collimator (MLC) errors and the mean percentage change in
V126, (cC) for the normal brain tissue from the reference plan with the target diameters of 5 mm (A), 10 mm (B) and 15 mm (C)
for the dynamic conformal arc therapy (DCAT) and volumetric modulated arc therapy (VMAT) techniques

Moreover, the study results present the im-
portant findings for the MLC commissioning of
the brain SRS. The dose error between the calcula-
tion and delivery is affected not only by the accu-
racy of the mechanical MLC position but also by
the MLC parameters on the TPS such as the dosim-
etric leaf gap (DLG) and MLC transmission factor
[22]. Particularly, the DLG parameter is a value that
registers the rounded leaf-end transmission dose as
the MLC gap width in the TPS, the tuning errors
correspond to the “systematic opened or closed
MLC errors”. Therefore, the DLG parameter should
be adjusted during the commissioning process at
each institution [23-25]. The MLC commission-
ing of the DCAT technique should be focused on
the peripheral dose of targets because the internal
dose of targets will have minimal changes as a re-
sult of DLG parameter tuning. Vieillevigne et al.

[26] evaluated the impact of the DLG parameter
on the dose distribution for the DCAT and VMAT
techniques in the lung SBRT and brain SRS using
the GPR with the 2D array detector. They reported
that the DCAT exhibited an excellent agreement
using the DLG value obtained from the standard
sweeping gap test. However, as we have shown
in the Results section, the DCAT technique had
a high GPR because the measurement points dose
inside the targets are consistent with the planned
dose. Moreover, the GPR depends on the detector
resolutions and the setting criteria [27, 28]. Thus,
the loss of target coverage cannot be detected by
the GPR evaluation. We revealed that the target
coverage is strongly affected by the MLC errors for
the DCAT technique.

This study has some limitations. First, we sim-
ulated the MLC errors using 5 mm width MLC
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Figure 7. The relationship between the magnitude of multileaf collimator (MLC) errors and the change in conformity index
(Cl) with target diameter of 5 mm (A), 10 mm (B), and 15 mm (C), and gradient index (Gl) with target diameter of 5 mm (D),
10 mm (E) and 15 mm (F), from reference plan for the dynamic conformal arc therapy (DCAT) and volumetric modulated arc

therapy (VMAT) techniques

leaves. The impact of MLC errors on smaller tar-
gets may be reduced when using the high-definition
MLC (2.5 mm width leaves). However, we believe
that the characteristic of DVH parameter chang-
es due to the MLC error is identical regardless of
MLC width. Second, we placed the three targets at
approximately 2 cm from the isocenter. However,
the impact of MLC error on the dose distribution
depends on the distance between the isocenter
and targets. The path length of the beam through
the MLC leaf increases as the off-axis distance
from the central axis because of the rounded MLC
leaf ends”. Therefore, the targets that are located
far from the isocenter can be strongly affected by
the MLC error. Moreover, these effects are greater
for the FFF beam than the FF beam [24]. Third, this
study was designed to focus only on the MLC error
for the DCAT and VMAT techniques, we assumed
that the target shape was spherical. The irregular

shape or the realistic clinical lesions may be more
affected by the MLC error. Thus, future work will
focus on noting the target shape. Forth, to clarify
the impact of MLC error on the dose distribution,
we created the VMAT plan so that the plan quality
was equivalent to the DCAT reference plan. Thus,
a more complex VMAT plan may be strongly af-
fected by the MLC error. However, we believe that
relationship between the plan complexity and MLC
error for the VMAT should be investigated in fur-
ther independent studies. Fifth, we applied the IDL
of 80% to the prescribed dose in the reference plan.
The lower IDLs (50-70%) will be the dose reduc-
tion of normal brain tissue, increasing the internal
dose of targets. However, Hofmaier et al. [21] also
evaluated the brain SRS treatment plan between
the DCAT and VMAT at the 80% IDL prescrip-
tion. Thus, we believe that this simulation study is
sufficient to clarify the characteristics of the MLC
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Figure 8. The gamma pass rate (GPR) between the reference plan and each multi-leaf collimator (MLC) error plan for
the dynamic conformal arc therapy (DCAT) and volumetric modulated arc therapy (VMAT) techniques as follows. Target
diameter of 5 mm (A), 10 mm (B), and 15 mm (C) with dose threshold 10% and target diameter of 5 mm (D), 10 mm (E)
and 15 mm (F) with dose threshold 40%. The GPR criteria was applied the local dose normalization of 2%/1 mm.

errors on the dose distribution even for 80% IDL
prescription.

Conclusion

We evaluated the plan robustness of the DCAT
and VMAT techniques on the MLC errors in
the brain SRS treatment using TPS simulation.
The target coverage and the normal brain tissue are
comparably affected by the MLC errors for both
techniques. Thus, the MLC QC with DCAT toler-
ance level should be set as equal to that of the VMAT
technique. Moreover, we found that the internal dose
distribution of the targets generated by the DCAT
technique was robust to the MLC errors. Hence, for
the MLC commissioning of DCAT, the DLG pa-
rameters should be tuned to match the peripheral
dose of the target with the measurement dose.
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