Monte Carlo algorithm impact on lung SBRT treatments
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Introduction

after being executed (Fig. 4). The average percentage change between

MC dose calculation and PB to D98%, D95%, D50% and D2% in PTV
SBRT (Stereotactic Body Radiation Therapy) irradiation technique was: 12.4 +/- 6.1% [1.8%, 26.5%)], 12.6 +/- 5.1% [5.8%, 24.7%], 9.8 +/-
requires a higher dose-calculation accuracy level than in common 4.4% [2.5%, 18.1%] and 7.0 +/- 4.2% [- 0.2%, 14.1%]. Analogously, in
cases due to big amount of Dose per fraction; it is also known that ITV: 9.4 +/- 3.9% [4.5%, 20.6%], 9.0 +/- 3.8% [4.3%, 19.1%], 7.6 +/-
Pencil Beam (PB) algorithm is widely used because of its short 4.4% [1.8%, 20.0%] and 6.3 +/- 3.6 % [- 0.3%, 12.7%], see detailed
calculation time; however, its level of accuracy decreases with the results in tables 1, 2 and 3.
presence of heterogeneities [1], [2], [3]. It Is well established, including R Thus, graphing results
AAPM  (American Association of Physicists In Medicine) aw v [ [ ww | obtained in PTV (Fig.
recommendations [4], that lung SBRT requires a more robust algorithm | oo | oo | osox | om | oo | o | oo | o | 5) and ITV (Fig. 6, 7
that takes Iinto account loss of Electronic equilibrium at the tumor/lung i o5 | oar | a3 | oso i s s [ on | 2w | gnd 8) it can be seen
interface, within which current ‘Gold Standard’ is Monte Carlo (MC). So, S a0 | sar | 100 | eie S e T sis | v | s» | the values provided in
the present work aims to quantify the calculation percentage difference i ; s | wu | ux [ sn | Table 3 as average
between commented algorithms (PB and MC) at such interfaces. st er e e de a2 percentage variations
s s == allie s == s SR merely
5 des0 | 375 | 1008 | 83 e e T s T fepresentative, since
_ o are | 6o | asi | u o en =5 T35 T3] the oscillation in 'Y
Materials and Methods S B axs for  metics
Table 1. PTV results. Table 2. ITV results. assoclated with each
A 6MV photon beam produced by a Primus Linear Accelerator patient can be quite
(Siemens) equipped with MLC (multi-leaf collimator) Optifocus model FRCARALEE pronounced
was used, twenty patients with lung tumors were selected, treated with VAR average VAR average VARY average VARS average depending on the
SBRT. Treatment plannings had been made with treatment planning 12.4+6.1% [1.8%, 26.5%)|12.6£5.1% [5.8%, 24.7%] |9.8+4.4% [2.5%, 18.1%]|7.0t4.2% [-02%, 14.1%)| anatomical location of
system (TPS) IPlan v4.5.1 (BrainLAB), with MC calculation algorithm TV ANALYSIS the tumor lesion.
using 2mm and 2% for spatial resolution and variance respectively o o o o
(Fig. 1), using a 12 beam arrangement (Fig. 2) as an average, some of D98 pos% D50% 2%
0.413.9% [4.5%, 20.6%)] |9.0£3.8% [4.3%, 19.1%] |7.61£4.4% [1.8%, 20.0%] (6.3£3.6% [-0.3%, 12.7%]

them not coplanar. According to institutional protocol?, all of these
treatments were carried out with ExacTrac (BrainLAB) as IGRT (image

Table 3: Overview results for 4 metrics selected as average, at PTV and ITV.

guided radiation therapy) system, fixing bone marrow as the reference, PTV analysis
Immobilization was made with an abdominal compressor and a
vaclock, delivering a total dose of 48Gy In 4 fractions with consecutive
treatment days. /" \
%15.00 / \ .; A IEZ? Figure 5. Four metrics graph for PTV.
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All plans were recalculated with PB | XY RY
algorithm  obtaining the resulting e : o » . s
distribution with the same normalization
of MC calculation. The following
values were recorded for planning
target volumes (PTV) and internal target
volume (ITV): D98%, D95%, D2% and
D50%, which were evaluated from the P o | apiton between PB and MC is Just 4% for DO, due 1o
dose-volume histogram (DVH, Fig. 3), P 0% | imor pordon s ot exposed {0 heterogeneties,
obtained. :

Figure 1. A: TPS used, B: Linear Accelerator
employed for treatment delivery.
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Figure 3. Information provided from DVH

was analysed in detail with Origin 6.0. 15.00

Figure 8. Four metrics graph for ITV, case 13.
Percentage variation between PB and MC is 9% for
D95%.
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Figure 2. Beam arrangement for SBRT treatments.

Results )
After recalculating all the treatment plannings, clear differences were Conclusions

observed in distributions and histograms that both algorithms produced _ _ _
For these 20 cases, PB calculation algorithm overestimates the dose

delivered in lung SBRT treatments in more than 10% for the PTV and
less than 10% for ITV. If treatment delivery to patients would be made

Figure 4. A: Dose distribution

comparison for the same. eatmert based on PB calculation, this will generate underdosing In the
PB (right), since top to bottom can be treatment volumes. PB is not a qualified algorithm to carry out accurate
seen axial, coronal and sagital views, ]

distinguishing easily ‘overheat’ for PB dose CaICUIa'“()n for Iung SBRT

column against MC one. B: DVH
comparison for the same treatment

" planning, solid line corresponds to MC
‘Y and the dashed one to PB, dose REfe r e n C eS
| overestimation is clear. C: Chossing an
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