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Introduction

Stereotactic radiosurgery (SRS) is a high precision technique, characterized by high levels of
conformity and steep dose gradients from the edge of the target volume to adjacent organs, allowing
delivery of a high dose of radiation in a single fraction [1]. In our institution SRS treatments are delivered
using a digital linear accelerator equippedwith a 5mm leafwidthmultileaf collimator (MLC),with a non-
invasive frameless immobilization system.Theaimof this studywas toevaluate if thechange to theadd-on
micro-MLC (µMLC) with 2.5 mm leaf width, though it requires an increase in setup and treatment times,
would improve the plan qualitymetrics, compared to the delivered planwithMLC.

Methods

Atotal of 30 plans for patients with single intracranial lesion (5 brainmetastases, 13meningiomas and
12 neurinomas) treated with volumetric modulated arc therapy (VMAT) SRS between October 2018 and
December2019were retrospectively reviewed.TreatmentplanswerecalculatedwithaMonteCarlobased
dose calculation algorithm for MLC. Comparative plans were recalculated for the µMLC, using the same
arc configuration and optimization cost functions.

Clinical cases forwhichmicro-MLCplans target coveragewere inferior to the clinical accepted cover-
age for SRS treatment,were excluded from the analysis, as they are not a part of the study objective.

Planqualitymetricswere comparedbetweenµMLCandMLCwith respect to target coverage (TC) [2],
homogeneity index (HI) [3], ratio of maximum dose to prescription dose (MDPD) [4], conformity index
(CI) [4], conformation number (CN) [5,6] and gradient index (GI) [7]. All quantitative variables were
tested for normality (Shapiro-Wilk test) and symmetry to determine if statistical test assumptions are met.
Due to the presence of outliers and asmost of the quantitative variables violated the assumption of normal-
ity, statistical differences between medians were evaluated using a Wilcoxon signed rank test (paired
sample sign test), considering a result statistically significant for a two-tailed p-value < 0.05 and reporting
a confidence interval with 95% assurance level (95% CI). The Cohen’s d effect size was determined for
variables that indicated statistically significant differences. Statistical analysis was performed using soft-
wareRStudio (version 3.6.1).

Results

Patientswere treatedwith a prescription dose of 12 to 20Gy in a single fraction and 80% (n=24) of the
lesions included in the initial review were irregular, with gross tumor volume ranging from 0.06 to 15.21
cm³ (median: 2.68 cm³) (Table 1). For the 30VMATSRS plans, collimators showed comparable results in
terms of coverage (p = 0.84, n = 60) and clinical coverage objective for SRS treatmentwasmet in 97% (n=
29) of the µMLCplans (Figure 1). In accordancewith our exclusion criteria, a newdata setwas generated,
eliminating this plan from the analysis of plan qualitymetrics.

Micro-MLCrevealednosignificantdifference inmedianhomogeneity index (p=0.71,95%CI -0.01 to
0.01), ratio ofmaximumdose to prescription dose (p = 0.06, 95%CI -0.022 to 0.001), conformity index (p
=0.69, 95%CI -0.02 to0.02)or conformitynumber (p=0.97, 95%CI -0.01 to0.01).ComparedwithMLC,
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µMLC improved median plan gradient index from 4.96 to 4.83 (p < 0.001, 95% CI 0.09 to 0.38, d = 0.82)
(Table2).Ourdata suggest that neurinomas (d=1.34)wouldbenefit considerable from the smaller penum-
braof thisµMLC,whilebrainmetastases (d=0.53) andmeningiomas (d=0.67)wouldbe the less favoured
with the change of collimator.

Discussion and conclusions

SRS delivered to a single lesion in doses of 12 to 20 Gy in one fraction with the add-on µMLC is
clinically acceptable in terms of plan quality metrics, offering some advantages compared to MLC with
respect to the sparing of adjacent organs, with our data showing a prevailing clinical advantage of the
treatmentwith theµMLC for neurinomas.

To better support the clinical decision on the choice of the collimator system for each treatment, we
should increase our sample size for each pathology, in order to evaluate which lesions would benefit from
the use ofmicro-MLC, by studying the dosimetric differences according to tumor shape, volume and loca-
tion.

Figure 1 - Target coverage for MLC and micro-MLC for the 30 VMAT SRS plans included in the initial review. The ▲
represents the clinical case excluded from the analysis of plan quality metrics. The dashed line represents the clinical
accepted coverage for SRS treatment.

Table 1 - Characteristics of SRS lesions included in the initial review.

Pathology n GTV Irregular Shapea GTV (cm³)b PTV (cm³)b

Brain metastases 5 2 (40%) 2,59 ± 3,37 (0,81 - 9,10) 5,21 ± 4,37 (2,12 - 12,82)

Meningioma 13 10 (77%) 6,13 ± 3,68 (1,23 - 15,21) 10,82 ± 5,29 (4,58 - 19,64)

Neurinoma 12 12 (100%) 0,95 ± 0,74 (0,06 - 2,95) 1,76 ± 1,10 (0,18 - 4,48)

Total 30 24 (80%) 3,59 ± 3,62 (0,06 - 15,21) 6,26 ± 5,71 (0,18 - 19,64)

GTV, Gross tumor volume; PTV, Plan target volume.
aCounts (percentage).
bMean ± standard deviation (range).

Table 2: Plan quality evaluation for MLC and micro-MLC (recalculated) plans for all 29 VMAT SRS patients.

Quality Metrics Constrains MLCa micro-MLCa p-valueb 95% CI
TC (%) ≥ 95% 97.70 (93.35 - 99.73) 97.70 (93.23 - 99.73) 0.57 [-0.39, 0.08]
HI close to 0 0.23 (0.14 - 0.39) 0.24 (0.14 - 0.35) 0.71 [-0.01, 0.01]

MDPD ≤ 1.5 1.30 (1.19 - 1.38) 1.32 (1.18 - 1.40) 0.06 [-0.022, 0.001]
CI < 1.2 (1-2) 1.18 (1.00 - 1.50) 1.18 (1.00 - 1.50) 0.69 [-0.02, 0.02]
CN ≥ 0.6 (0-1) 0.80 (0.66 - 0.92) 0.82 (0.67 - 0.92) 0.97 [-0.01, 0.01]
GI - 4.96 (2.49 - 12.50) 4.83 (2.53 - 11.19) < 0.001 [0.09, 0.38]

aMedian (range).
bStatistical significance at p < 0.05.
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