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We compared intensity-modulated radiotherapy (IMRT) treatment plans with commercially available multileaf
collimators (MLCs) of different leaf width for intracranial lesions. Twelve cases previously treated with micro-MLCs
(mMLCs) were replanned using the Varian 120 and 80 MLCs. These collimators have minimum leaf width of 3
mm, 5 mm and 10 mm at isocenter, respectively. These three plans were compared with respect to the uniformity
and the conformity indices, doses to normal tissue. For the uniformity index of planning target volume (PTV),
there was no statistically significant difference between mMLCs with 120 MLCs (p = 0.06). However, there was a
litte difference between mMLCs with 80 MLCs (p = 0.001). Maximum target dose to the PTV showedno
dependency with respect to the leaf width. On the contrary, there were statistically significant differences in the
conformity indices between mMLCs and 120 MLCs (p = 0.003) and between mMLCs and 80 MLCs (p = 0.003).
The volumetric increments for MLCs with leaf widths of 5 mm and 10 mm were 6.3% and 23.2% for the normal
tissue irradiated o = 50% dose, and 8.7% and 32.7% for the normal tissue irradiated to = 70% dose, respectively,
compared to the volume for MLCs with leaf width of 3 mm. This shows that for the sparing of normal tissue,
MLCs with leaf width of 3 mm are more effective, compared to MLCs with leaf widthsof 5 mm and 10 mm.

Key words: multileaf collimators (MLCs), uniformity index, conformity index, sparing of normal tissue

INTRODUCTION

Intensity-modulated radiotherapy (IMRT) for intracranial lesionsinvolves the precise delivery of a dose of ionizing radiation.
Because of the importance of nurological structures and their sensitivity to radiation, normal tissue sparing is one of the key
goals of a radiosurgery procedure. Recent advances in multileaf collimator (MLC) technology have provided clinicians with the
ability to shape a radiosurgery beam and thereby deliver a homogeneous target dose while simultaneously sparing critical
organs.

MLCs are used instead of the conformal blocks due to their efficiency in treatment delivery, although the target conformity
is limited by the discrete step size of the leaves. Adams et al [1] compared treatment plans, in terms of normal tissue doses
and tomour coverage, for fields shaped using conformal blocks and conventional MLCs and reported that the plan by MLCs
showed increased volume of normal tissue being treated to > 50% and > 80% of the prescription dose.

Comparisons of plans with MLCs with different leaf widths have been studied previously. Kubo et al [2] reported that for
prostate cancer, MLCs with 1.7 and 3.0 mm leaf widthsspare more bladder and rectum than 10.0 mm leaf width MLC.
Recently, comparison studies for MLCs with a leaf width of 3 mm and5 mm using 3D-CRT plan [3], 5 mm and 10 mm using
IMRT plan [4] were reported.

In this study, IMRT plans were compared for different MLCs having leaf width of 3 mm, 5 mm and 10 mm at isocenter,
respectively. These three plans were compared with respect to the uniformity and the conformity indices, doses to normal
tissu
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MATERIALS AND METHODS

Multileaf Collimator systems

The BrainLAB micro-MLCs (mMLCs) were a conveniently detachable unit to linear accelerators which did not have a
built-in MLC. It had 26 pairs of leaves and a maximum field size of 10 cm 10 cm. The leaf width at isocenter was 3 mm
for the central 14 pairs, 45 mm for the other 6 pairs, and 5.5 mm for the outermost 6 pairs. Similar to the Varian MLCs,
the BrainLAB mMLCs were compatible with Varian C series linear accelerators. The Varian 120 MLCs had a leaf width of
5.0 mm at isocenter for the 40 pairs, 10 mm for the other 20 pairs and a maximum field size of 40 cm 40 cm. The Varian
80 MLCs had a uniform leaf width of 10.0 mm for the 40 pairs and a maximum field size of 40 cm 40 cm.

Treatment Planning and Evaluation

All treatment planning was carried out using the Brain—-SCAN ver. 5.2. software. Each patient was computed tomography
(CT) scanned with 2 mm contiguous slices. Magnetic resonance (MR) scans with Gd contrast were acquired with contiguous
slices of 23 mm thickness, depending on target size. These were fused using this planning software autormatically.

IMRT treatment planning is a computer optimization process based on a set of dose constraints on various critical
structures and prescribed doses to the tumor targets. There are two types of dose constraintsin this planning system. One
is PTV constraints, the other is organ at risk (OAR) constraints. Under the restrictions of dose constraints, inverse planning
process is tring to deliver suitabledoses to PTV and critical organs.

The dose distribution calculation is based on a pencil beam algorithm and is normalized to 100% at isocenter. Dose
volume histograms (DVHs) for the PTV and normal tissue are calculated and used to evaluated plan. For guatitative
evaluation of plan, the uniformity and the conformity indices are used. The uniformity index for PTV is defined as the ratio
between the PTV maximum dose and D95, the dose received by 95% of the target volume. The conformity index, as defined
on the BrainSCAN DVH, is the ratio of the total tissue volume receiving the prescription dose to the volume of PTV receiving
the prescription dose.

Comparison between MLCs for different leaf widths

Treatments using BrainLAB mMLCs were replanned using the Varian 120 and 80 MLCs. The number, direction, and
weighting of the beams and the collimator angle were all unchanged in order to compare the plan of mMLCs with the plans
of the Varian 120 and 80 MLCs. Parameters used to compare the m3, 120-leaf and 80-leaf plans were the uniformity index
for PTV, maximum target dose, the conformity index, the dose received by normal tissue. Statistical significance of each
comparison was evaluated using Wilcoxon signed rank test. (p value ~0.05)

RESULTS AND DISCUSSION
Uniformity index and maximum target dose

The uniformity index of PTV is determined from the DVH curves for each plan in Fig. 1, and summarized in Table 1.
There was no statistically significant difference between mMLCs with 120 MLCs (v = 0.06) and between 120 MLCs and 80
MLCs (o = 0.388). However, there was a little difference between mMLCs with 80 MLCs (p = 0.001). For the maximum target
dose to the PTV, there is no dependency with respect to the leaf width. (mMLCs : 120 MLCs (p = 0.388), mMLCs : 80 MLCs
(p = 0.227), 120 MLCs : 80 MLCs {p = 0.774))
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Tablel. Uniformity index and maximum target dose

T T T T T patient list - _imiformity index maxi target dose (Gy)
100 L m3 120-1eaf | '80-leaf m3 120-leaf | 80~leaf
—‘\ 1 1.05 1.10 1.08 2.12 2.22 2.18
ol ] 2 1.07 106 108 8.03 7.95 7.95
. 3D 1.12 1.16 115 8.25 8.55 8.47
) 3(2) 1.08 1.09 1.09 7.9 3.03 8.03
g @ T 4 106 | 106 | 107 | 742 | 749 | 756
3 5 104 1.03 104 | 2040 [ 2020 | 2040
> o . 6 1.26 1.23 1.27 2.32 2.26 2.32
Target 7 1.19 1.22 1.21 2.10 2.10 208
ol [0 ] 3 1.07 1.09 1.10 4.32 4.32 4.28
S 2100 9 1.09 113 1.13 4.32 444 4.32
. . . . . . k‘ 10 1.11 112 116 3.21 3.18 3.24
R 11 110 L14 1.15 2.12 218 2.16
Dose (%) 12 1.07 112 113 5.40 5.65 5.70
Fig. 1. DVH of PTV for a patient —2E é:ég (1):(1)2 éjég e

Conformity index

The conformity index, which is summarized in Table 2, shows different feature. There are statistically significant differences
in the conformity indices between mMLCs and 120 MLCs (p= 0.003) and between mMLCs and 80 MLCs (p = 0.003). This
shows that the conformity index is increased a little as the leaf width increased.

Dose to normal tissue

Table 3 shows the volumes of normal tissue irradiated to = 50% and = 70% dose for plans with MLCs of different leaf
widths. As expected from the Table 3 related to conformity index, the volumes of normal tissue irradiated are increased as
the leaf width increased. The volumetric increments for MLCs with leaf widths of 5 mm and 10 mm were 6.3% and 23.2%
for the normal tissue irradiated to = 50% dose, and 8.7% and 32.7% for the normal tissue irradiated to = 70% dose,
respectively, compared to the volume for MLCs with leaf width of 3 mm. This means that the smaller leaf width of
MLCsprovides better sparing for normal tissue.

Table2. Conformity index Table3. Dose to normal tissue

i ,,hSt - ' f?;gl_tlgf XSO—ieaf patient list L% vol.270% of dose - - - g vol,250% of dose
- 058 = oG | 120-leaf| 80-leaf | m3 | 120-leaf | 80-leaf
5 L a6 1 2645 | 2527 | 3352 | 4687 | 4562 | 56.38
55 TTREENT o 2 664 | 816 | 981 | 1147 | 1383 | 16.77
o T oer T 26 T 30 3 743 | 853 | 1062 | 1375 | 1487 | 18.72
; T o 4 339 | 418 | 525 | 584 736 | 912
: T o 5 166 | 230 | 337 | 307 387 | 557
2 SRR EENT 222 6 3317 | 3122 | 3355 | 7046 | 6491 | 67.08
7 s = 7 592 | 620 | 728 | 1425 | 1579 | 1798
- - ~ 8 608 | 767 | 1054 | 1261 | 1507 | 19.23
S },37’2 igg }gg 9 350 | 52 | 727 | 720 | 1013 | 1352
: : : 10 663 | 047 | 1238 | 1381 | 1801 | 2252
10 123 | 159 252 11 1193 | 1306 | 1460 | 206 | 2675 | 29.71
g i-i‘; iéé }-;g 12 404 575 | 678 814 1099 | 12.28
— e v 574 | 1050 | 1201 | 1938 | 2060 | 2407
a . R ) .
SD 042 1 045 | 063
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CONCLUSIONS

We compared IMRT treatment plans with MLCs of different leaf widths. Leaf width dependency for different MLCs by
the uniformity index was not found in this study. Although maximum target dose wasindependent of leaf width of MLCs,
the conformity index and the volumes of normal tissue irradiated were increased as the leaf width of MLCs was
increased. This imples that for the sparing of normal tissue, MLCs with leaf width of 3 mm are more effective, compared
to MLCs with leaf widths of 5 mm and 10 mm.
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