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ABSTRACT

Background and purpose: Several studies have investigated multi leaf collimator (MLC) leaf design. We performed
a systematic review and meta-analysis of those studies to compare the impact of MLC leaf width used for dif-
ferent radiotherapy techniques.

Materials and methods: We decided to focus on 2.5, 3.0 and 5.0 mm leaf width MLCs as it appeared to be the most
contentious area from literature. We adopted Cochrane and PRISMA guidelines and computed the association
between MLC leaf width and conformity index (CI) across the selected studies as pooled mean difference (PMD)
with 95% confidence interval.

Results: A total of 43 papers were selected from the literature search, of which ten compare MLC leaf width of
2.5mm or 3.0 mm (MLC2.5 mm) versus 5.0 mm (MLC5 mm) in terms of CI. There was a slight, but significant,
difference between MLC2.5 mm and MLC5 mm in favor of the former (mean difference —0.036; 95% confidence
interval: —0.068 to —0.005). A subgroup analysis was performed by comparing techniques (intensity modulated
radiation therapy vs conformal). In the intensity modulated radiation therapy (IMRT) subgroup, the difference
between MLC2.5 mm and MLC5 mm appeared to be negligible (mean difference: —0.006; 95% confidence in-
terval: —0.013 to 0.001) and not significantly different from zero. In the subgroup of studies which used con-
formal techniques, there was a significant difference between MLC2.5 mm and MLC5mm (mean difference:
—0.054; 95% confidence interval: —0.096 to —0.012).

Conclusions: Introduction of IMRT produced comparable target coverage (CI) between 2.5 or 5.0 mm leaf width
MLGCs.

1. Introduction

few. All of these characteristics may affect conformity to target and
dose to surrounding structures. All papers found in a preliminary search

The multi leaf collimator (MLC) is one of the most critical compo-
nents for the delivery of radiation oncology treatments using a linear
accelerator [1]. Since the clinical introduction of MLCs in the early
1990s, several treatment planning system (TPS) and theoretical studies
were conducted in order to attempt to determine the optimal MLC leaf
design, in terms of target coverage and organ sparing [2-7]. These
studies were based on TPS simulations and assessment of typical dose
distribution parameters (such as conformity index, homogeneity index,
dose volume histograms, tumor control probability, normal tissue
complication probability, etc.).

There are many design characteristics in each MLC, such as leaf
width, leaf tip design (single focus, double focus, not focused), tongue
and groove presence, distance from the patient and leakage, to name a

focused on MLC leaf width as the main design parameter of interest,
which suggests that authors of these papers consider this to be the
biggest contributing factor to the ability to conform to the target and
spare normal tissues [2-7]. Therefore, “MLC leaf width” was used as a
search keyword and the remaining part of this analysis focused on this
characteristic.

Jacob et al. [2] concluded that three collimator leaf thicknesses
studied (10, 5 and 2.5 mm) were equally suitable for conformal cov-
erage of the target volume and sparing of organs at risk (OARs) when
using intensity modulated radiation therapy (IMRT). Wang et al. [3]
concluded that a 4 mm MLC improved prostate planning target volume
(PTV) dose coverage over a conventional 10 mm MLC in the treatment
of prostate cancer using 6 MV for IMRT. With similar findings to Wang
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et al., but in contradiction to Jacob et al., Fujomoto et al. [4] demon-
strated that the dose conformity of the PTV improved and the dose to
bladder and rectum decreased for 3D conformal radiation therapy
(3DCRT) and IMRT of prostate cancer using a 2.5 mm MLC compared to
a 5mm MLC.

Jin et al. [5] performed a study on cranial lesions and concluded
that, for the DCA technique, there were significant dosimetric differ-
ences between different MLCs in terms of conformity indices. However,
for the intensity modulated radiosurgery (IMRS)/IMRT technique, there
was no significant difference of conformity index and target coverage
between the 3 and 5mm MLCs. Serna et al. [6] performed a study on
brain lesions and showed a variation in conformity index of below 0.5%
for volumetric modulated arc therapy (VMAT) and 3% for 3D-DCA,
independent of the PTV volume. Therefore, for the VMAT technique,
there was no significant improvement in conformation through the use
of an MLC leaf width of 2.5 mm for small volumes. In contradiction
with some of the above mentioned studies, Nill et al. [7] concluded that
an improved PTV coverage and conformity was obtained for a 2.75 mm
add-on MLC compared to the internal 4 mm MLC when using IMRT.

For the above mentioned studies, we noticed that there was no
uniform agreement on the benefit of smaller leaf width. The difference
seemed to be more evident for smaller lesions but, in some situations, it
was reduced by the utilization of VMAT or IMRT techniques [6]. This
lack of agreement, and the possibility that inverse planning techniques
could have reduced the gap, triggered this study.

Since a good number of articles exist on the matter, we believed that
a critical/systematic review had the potential to provide a good level of
scientific evidence. The purpose of this analysis was to collect and
group the existing literature concerning MLC leaf width and to de-
termine if and what conclusions could be deduced. The focus was to
determine if MLCs with different leaf width performed better in terms
of target coverage and, if so, under what conditions. In general, smaller
targets were considered the most challenging [2-7] and so we decided
to focus on leaf widths of 5 mm or less.

2. Material and methods

In this review, the overall structure of the Cochrane analysis [8] or,
in general, common rules identified as important in a systematic review
according to PRISMA [9,10] guidelines, were adopted, as follows.

Search words were determined in advance. Searches were per-
formed using PubMed (https://www.ncbi.nlm.nih.gov/pubmed), with
search keywords “MLC leaf width”. Further papers were found using
Google Scholar (https://scholar.google.com). In addition, all citations
in the originally found papers were checked to identify the existence of
any new papers. From the group formed by the above described search,
all relevant publications relating to the subject matter (MLC compar-
ison) were selected. Published peer-reviewed papers were chosen based
on the simple criterion of being a comparison study between different
MLC types in terms of conformity index. The data included in the se-
lected publications were collected and the necessary statistical data
(such as averages and standard deviations) were either used directly or
calculated. If they could not be calculated, then the paper was not in-
cluded in the review. Posters and presentations were not considered
because they were not subjected to a peer review approach and,
therefore, they have an uncertain level of evidence, in agreement with
PRISMA guidelines. The last search was performed on 31st December
2015. No early cut-off date was determined. No subsequent papers re-
lating to small leaf width comparison was found until end of February
2017. Two people, working independently, were involved in the se-
lection process. Theoretical studies were included only if they produced
data that could be used for the purposes of this study, such as standard
deviations. Phantom studies were excluded because they were not
thought to be representative of real clinical conditions.

It was decided to treat MLC leaf width of 2.5 mm or 3.0 mm as one
subgroup, MLC2.5mm, and MLC of leaf width 5.0 mm as the other
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subgroup, MLC5 mm. This was partly to increase the number of quali-
fying papers, but it was also judged that any difference between 2.5 mm
and 3.0 mm would be much smaller than between the two subgroups
MLC2.5mm and MLC5 mm. In order to perform the analysis, it was
necessary to reformulate the results from each of the papers into a
common format. The statistical values chosen to estimate the pooled
MLC effect were the mean difference (Diff) and its standard error [SE
(Diff)]. To calculate them we used the method described in the
Supplementary data.

The association between MLCs and conformity index reduction
across the selected studies was then computed as pooled mean differ-
ence (PMD) with 95% confidence interval. The PMD was considered
statistically significant if the 95% confidence interval did not include
zero. PMD was estimated by pooling the study-specific estimates using
random effect models [11], fitted using statistical analysis system (SAS)
(proc Mixed) with a maximum likelihood estimate. These models pro-
vided estimates adjusted for the potential correlation within studies, as
well as the heterogeneity between studies.

The homogeneity of the effect across studies was assessed by using
the large sample test based on Cochrane’s Q statistics, which are dis-
tributed approximately as x2 statistics. A p-value < 0.10 was used to
indicate lack of homogeneity between effects. 12 statistics were also
provided to quantify the percentage of total variation across studies
that was attributable to heterogeneity rather than to chance [12]. The
method of Macaskill et al. was used to assess publication bias [13]. This
consists of a funnel-plot regression of the PMD on the sample size,
weighted by the inverse of the variance.

A subgroup analysis was also performed to evaluate eventual dif-
ferences between techniques. This was also triggered by the finding of
Carosi et al. [14] and Serna et al. [6]. In particular, a comparison be-
tween MLC2.5 mm and MLC5 mm was performed in the subgroup of
studies where IMRT or VMAT was used. Similarly, the same analysis
was performed for the subgroup of studies that adopted 3DCRT or DCA.
The hypothesis was that IMRT techniques reduce, or even annul, any
differences between MLC2.5 mm and MLC5 mm, in terms of conformity
index. In contrast, differences were expected in the subgroup of studies
that adopted 3DCRT or DCA.

3. Results

From the literature search, 148 papers were found initially and 43
were selected according to the selection guidelines highlighted in the
material and methods section (see Supplementary material for list of
studies). Of these, ten papers compared MLCs with leaf widths of
2.5mm or 3 mm versus 5mm, in terms of conformity index, and were
included in the final analysis (Table 1).

Three of the ten selected studies (Monk et al., Chern et al. and
Fujimoto et al.) compared 3 mm leaf width versus 5.0 mm, while the
others compared 2.5 mm leaf width versus 5.0 mm.

In total, 357 cases from those ten papers were included in the main
analysis.

The conformity index of MLC2.5mm for the whole group was
slightly, but significantly, better compared to MLC5 mm. The pooled
mean difference was —0.036 with a 95% confidence interval ranging
between —0.068 and —0.005 (p = 0.026).

In the IMRT/VMAT subgroup, the difference between MLC2.5 mm
and MLC5 mm appeared to be negligible (mean difference: —0.006;
95% confidence interval: —0.013 to 0.001) and not significantly dif-
ferent from zero (p = 0.064). In contrast, in the subgroup of studies that
used conformal 3DCRT/DCA techniques, MLC2.5 mm results were sig-
nificantly different to MLC5 mm (mean difference: —0.054; 95% con-
fidence interval: —0.096 to —0.012; p = 0.02). This is shown graphi-
cally by a forest plot in Fig. 1.

Within the IMRT/VMAT subgroup, there was a substantial homo-
geneity between studies. In the 3DCRT/DCA subgroup, in contrast, the
heterogeneity remained quite large. However, all studies but one (Serna
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et al.) showed greater conformity for MLC2.5 mm.
Table 1 shows the main study characteristics.

4. Discussion

A systematic review of TPS studies, relating to treatment quality
using different MLC leaf widths, was performed. For the purposes of this
analysis, we focused on a specific index (CI) but, in theory, the analysis
could be extended to include other quality index parameters. In our
analysis, we highlighted that the IMRT/VMAT subgroup showed no
evidence of difference in target coverage (CI) between 2.5mm and
5.0 mm MLCs, unlike the 3DCRT/DCA subgroup, in which leaf width
affected the target coverage.

The results of this analysis could be explained by the improved
ability of IMRT to achieve conformity of dose distribution to the target.
This is because IMRT inherently positions the leaves to achieve a do-
simetric criteria, which is also used to judge plan quality, thereby
making the MLC leaf width aspect less evident. The findings could be
further explained by the fact that IMRT implements an automatic al-
gorithm and, therefore, is less dependent on operator ability and TPS
type. This is in line with the findings of Carosi et al. [14] who per-
formed a comparison between 4 mm and 10 mm MLCs and showed that,
in 3DCRT, the use of the 4 mm mMLC gave a gain in target conformity
and in OARs dose sparing, whereas in IMRT plans there was no ad-
vantage. Also Tanyi et al. [15] demonstrated the dosimetric merit of a
2.5 mm leaf width MLC system over a 5mm leaf width system for ste-
reotactic radiosurgery brain targets with IMRT but showed that con-
formity index difference between the MLC systems was smaller for
IMRT than for 3DCRT and DCA. This was also in line with the studies
from Jin et al. [5] and Serna et al. [6].

Since the subject matter was well defined, we believed that the
search method described above was effective and very unlikely to
present weak points that may occur during a systematic review. Leaf
width is known for all commercially available MLCs and the process of
determining whether an article should be included or not was very
simple and straightforward. Although the studies were not ‘randomized’
per se, all authors performed a comparison using the same patient
model, creating plans using the same TPS but with different beam
limiting devices (MLCs) and then comparing the results obtained from
both plans.

An important aspect to consider was the possible heterogeneity of
comparison criteria in the calculation. For example, there was not an
agreed formula for conformity index (CI) and authors may have used
different methods. However, all collected articles provided a compar-
ison between two systems and, for that comparison, the same method
was used. This study compared relative differences, not absolute values.
Therefore, for the purposes of this study, the heterogeneity of con-
formity index formula was not considered to be of particular im-
portance. A detailed summary of the differences between CI definitions
has been described (Feuvret et al. [16] and Ohtakara et al. [17]). The
selected papers used four different formulae to calculate CI: Brainscan
(CI_B) [17], Paddick (CI_P) [18], Nakamura (NCI) [19] and PITV ac-
cording to Radiation Therapy Oncology Group (RTOG) classifications
(PITV) [20].

The difference observed between MLC2.5 mm and MLC5 mm in the
3DCRT/DCA subgroup and the absence of any difference in the IMRT/
VMAT group could be explained by the basic difference between the
two methods. IMRT/VMAT algorithms optimize the position of the
leaves to achieve good conformality i.e. the leaf positions are set such
that a dosimetric objective is met, whereas 3DCRT/DCA sets the leaf
positions according to geometric algorithms. Therefore, when eval-
uated against dosimetric criteria (in this case CI), it was reasonable to
expect the IMRT/VMAT algorithm to be superior regardless of leaf
width or other factors, as also found by others [14,6].

It was interesting to observe the difference in heterogeneity between
the two groups (3DCRT/DCA and IMRT/VMAT). This could be

Mean (SD) per group; t-test avail
Mean (SD) per group; t-test avail

Mean (SD) per group; t-test avail
Individual patient data

Mean (SD) per group; no t-test
Mean (95% CI) per group

Mean (SD) per group; no t-test
Mean (SD) per group; no t-test

Individual patient data
Mean diff (SD)

Statistics

IMRT, 3DRCT, DCA

DCA
IMRT, 3DRCT, DCA

Technique
3DRCT

DCA

VMAT

IMRT

IMRT, 3DRCT
VMAT, DCA
VMAT

H&N, Prostate

Anatomical site
Brain

Brain
Brain
Brain
Lung
Brain
Prostate
Brain
Lung

Formula CI calculation
CLB
NCI
CLP
NCI
CLB
PITV
NCI
PITV
CLP
PITV

Comparison
3 vs 5mm

3 vs 5mm

2.5 vs 5mm
2.5 vs 5mm
2.5 vs 5mm
2.5 vs 5mm
2.5 vs 5mm
3 vs 5mm

2.5 vs 5mm
2.5 vs 5mm

N of patients

14
23
12
29
43
10
16
30

Country
UK

USA
Switzerland
USA

USA
Germany
USA
Japan
Spain
India

Conflict of interest/funding

Varian
Varian
; NCI: Nakamura; CI_B: RTOG guideline. Feuvret et al. (Int. J. Radiation Oncology Biol. Phys, 2006: 333-342) and Ohtakara et al. (Br J Radiol, 2012:e223-e228).

Year
2003
2006
2009
2009
2010
2011
2011
2012
2014
2015

; CI_P: Paddick:

5

Author
Monk
Chern
Fogliata
Tanyi
Dhabaan
Jacob
Tanyi
Fujimoto
Serna
Subramanian

Details of Studies comparing small leaf width MLCs that comply with inclusion criteria.

CI_B: Brainscan:
Lesions

Table 1
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Conformity Index: MLC 2.5 mm vs. MLC 5.0 mm

N Mean Diff* (SD) Mean Difference (SE)

IMRT / VMAT (95% C1)
Fogliata, 2009 (VMAT) 12 -0.010 (0.110)

Tanyi, 2009 (IMRT) 29 -0.020 (0.086) —
Jacob, 2010 (IMRT - H&N) 9 0 (0.246)

Jacob, 2010 (IMRT - Prostate) 9 0.010 (0.054) —
Tanyi, 2011 (IMRT) 18 -0.050 (0.016)

Fujimoto, 2012 (IMRT) 10 -0.010 (0.030) -
Serna, 2014 (VMAT) 16 0 (0.050) - -
Subramanian, 2015 (VMAT) 30 -0.006 (0.019)
Pooled? 133 -0.006 (0.004) -0.013; 0.001 ’

Q2 test for Heterogeneity=3.34 (p=0.85), df=7 12=0 (p=0'064)

3DCRT / DCA

Monk, 2003 (3DCRT) 14 -0.061 (0.036) .

Chern, 2006 (DCA) 23 -0.099 (0.099) R e

Tanyi, 2009 (3DCRT) 29 -0.010 (0.044) . B
Tanyi, 2009 (DCA) 29 0 (0.135) — -
Dhabaan, 2010 (DCA) 43 -0.126 (0.102) N

Tanyi, 2011 (3DCRT) 9 -0.050 (0.040) -

Tanyi, 2011 (DCA) 41 -0.210 (0.410)

Fujimoto, 2012 (3DCRT middle) 10 -0.010 (0.076) -
Fujimoto, 2012 (3DCRT outside) 10 -0.110 (0.080) —

Serna, 2014 (DCA) 16 0.020 (0.056) —-—
Pooled? 224  -0.054(0.022) -0.096; -0.012

(p=0.020) ——

Q2 test for Heterogeneity=94.8 (p<0.0001), df=9 12=90.5

Mean Diff* (SE)

-0.068; -0.005
ALL Pooled” 357  -0.036(0.016) (p=0.026) T
Q2 test for Heterogeneity=138.3 (p<0.0001), df=17 1P=87.7 | | | | |
-0.3 -0.2 -0.1 0.0 0.1
MLC, 5 better MLC, 5 worst

* Differences evaluated as Cly co.5 — Clyics.o

Testing for difference between IMRT/VMAT vs. 3DCRT/DCA subgroups: p=0.27 (NS)
No publication bias. Macaskill test p-value=0.87

Fig. 1. Study analysis results.

explained by the following reasons:

IMRT/VMAT is designed to achieve, in an automatic manner, the
best conformity given the delivery system design, making it less subject
to the experience of the operator. 3DCRT/DCA requires a more manual
input of parameters (e.g. margins, leaf fit algorithms, such as “touch
edge” or “overlap edge”) that can vary from operator to operator or
from TPS to TPS. Therefore, a less experienced operator, when per-
forming 3DCRT/DCA planning, may select manual parameters that are
not optimal in terms of conformity. Furthermore, IMRT/VMAT is able
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to achieve higher modulation (i.e. changes in delivery parameters, such
as number of beams, leaf positions, beam weights, etc., to leverage all
the degrees of freedom of the system) and therefore inherently allows
better conformality for all MLC types than 3DCRT/DCA.

We intuitively expected the finer MLC leaf width to produce plans
with superior dose conformity and OAR sparing, due to the ability of
the MLC to conform more smoothly to the target. This expectation
seemed to have a sound basis in history, and probably personal ex-
perience, since a difference clearly existed when using geometric
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techniques, which pre-date the introduction of inverse planning tech-
niques. However, it seemed that the introduction of inverse planning
techniques significantly reduced the differential between different MLC
types and made that less operator dependent.

Other factors that may have contributed to these differences include
the leaf modelling or dose grid used during the calculation and inverse
planning phase. Similarly, the plans may not have been fully optimized
to take full advantage of the smaller leaf width. However, it was as-
sumed that, since the purpose of each one of the collected studies was to
determine differences between MLC designs, the parameters and
methods must have been carefully evaluated and selected by the au-
thors.

The effect of more complex beam arrangements was not studied as
none of the selected papers included this as a factor. This study only
covered the conformity index (i.e. the behavior of the high dose region)
as there was not enough data for other indicators to reach statistical
significance. PRISMA and Cochrane analysis methods could also be
applied to treatment planning studies, allowing proper integration of
results from different hospitals, different disease sites and planning
systems.

The inclusion/exclusion criteria were very simple and straightfor-
ward. Very rarely was it necessary to read the body of the article to
determine if it was related to an MLC comparison study. One of the
small leaf width comparison studies (Jin et al. [5]) was excluded be-
cause it provided results in terms of the CI mean ratio (instead of mean
difference) and there was no way to recover the original CI mean and
pertinent SD. Another study (Hong et al. [21]) was excluded because
the data did not derive from humans. With one exception, all articles
were in English. Further communication with the authors of the se-
lected studies was not deemed necessary. Publication bias was not
present (Macaskill test p-value 0.87). Only two out of ten studies (Tanyi
at al. [15] and Fogliata at al. [22]) have disclosed funding. This was not
deemed to create a significant bias, although the Tanyi at al. [15] study
showed the biggest benefit of the 2.5 mm MLC in the IMRT subgroup.

In conclusion, the performed study indicated that the introduction
of IMRT produced comparable target coverage (CI) between 2.5 or
5.0 mm leaf width MLCs.
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