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Abstract

The aim of this study was to investigate the impaictheterogeneity on the dose calculation for tvigodthms
implemented in the TPS “Analytical Anisotropic Alithm (AAA) and Acuros XB” and validated the use Aéuros
XB algorithm in clinical routine. First, we compattee dose calculated by these algorithms and tke dweasured at
the given point P, which is found after heteroggnisisert. Second, we extend our work on clinicdes that present a
complex heterogeneity. By evaluating the impadhef choice of the algorithm on the dose coveragbdetumor, and
the dose received by the organs at risk for 2@ptiaffected by lung cancer.

The result of our phantom study showed a good aggat with several studies that showed the supéyiofi the
Acuros XB over the AAA in predicting dose when @ncerns heterogeneous media. The treatment plarOflung
cancers were calculated by two algorithms AAA arcuds XB, the results show a statistical signiftcdifference
between algorithms for Homogeneity Index and theximam dose of planning target volume (HI: 0.11+0NH
0.05+0.01 p = 0.04; Dmax: 69.30+£3.12 vs 68.51+2064 0.02). Instead, no statistically significanffalience was
observed for conformity index Cl and mean dose (C98+0.18 vs 0.99+0.14 p = 0.33; Dmean: 66.3+¥$%6.10
+0.61 p = 0.54). For organs at risk, the maximursedior spinal cord, mean dose and D37 % of lungis@TV (dose
receiving 37% of lung volume) were found to be lovier AAA plans than Acuros XB and the differencesre
statistically significant (p<0.05). For the heard3% and D67% were found to be higher for AAA pléinan Acuros
XB and the differences were statistically signifit§p<0.05), but No difference was observed for @60of the heart.
The use of the AXB algorithm is suitable in theecad presence of heterogeneity, because it allowsate a better
accuracy close to the Monte Carlo calculation.
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Introduction The correction factor, which is the ratio of dosethe actual
(inhomogenous one) geometry and homogenous ongivers

The goal of external radiotherapy is to deliverudfisiently by the formulae:

high dose of ionizing radiation to the tumor whiseserving
organs at risk and healthy tissues. In order teeaetthis goal CF = TAR(d'5d)

Eq. 1

sophisticated algorithms for dose distribution akdtion TAR (d,Sd)
implemented in computerized treatment planningesyst are Where the numerator is the TAR for the equivalerdter
used. thickness, d’ which given by equation:

Thg algorllthms_ used in the 50s were 2D algontba'seq on d' = ¥,(Adi - pi) Eq. 2
the tissue-air ratio (TAR). Also other simple meathamalytical . _ .
methods of radiation transport were used. Accordinghese and the denominator is the TAR for the physicaltdegf the
algorithms the dose below an inhomogeneity wasutated point of interestSd is the size of the beam at the level of the

assuming that the inhomogeneity of dengityand thickness point of interest. The major weakness of the TARhoé is its

Adi attenuates the beam as the equivalent slab ofr vadte approximate modeling of the lateral component efdbattered
thicknessAdi - pw. photon contribution that result in an over-correctivhen the

density is less than that of water and an undarection when
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the density is greater than water. Consideringeti@ution of
imaging systems and computing, new algorithms Hagen
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(AAA) and Acuros XB, and to validate the use of Aasi XB
algorithm in clinical routine.

developed to calculate the primary beam, scattereppace in
three dimensions, and taking into account the wlact Materials and Methods
transport.

Dose calculation algorithms in radiotherapy trest
planning system can be classified into three groups

In this study, we compare the doses calculated with
algorithms, namely Analytical Anisotropic AlgorithfAAA)
and Acuros XB algorithm installed in treatment piengy
Correction based: With the correction-based algorithm [1-4], system (TPS) Eclipse version 13.5. Calculations ewer

dosg distribu.tion is calculated in water as a hmus performed for a variety of geometries proposed gy IAEA
medium that is water and corrected to accountrifieence of recommendations [21]. We also compared results of

irregular shape of the patient's surface and terbgeneity in calculations with measurements. All measuremen¢ésemted
the human body. The density variation is taken adoount for here were carried out for 6MV photon beams (QI:68)6
the primary radiation (directly from the sourcetbe point of produced by Varian Truebeam STX linear accelerator,
interest) but not for the scattered radiation @#dn not equipped with a Millennium 120 MLC HD (Varian Medic
coming from the source), the changes of the latemakport of Systems, Palo Alto, CA) that offers 0.25cm resohutat
the ele-ctrons are not ta.ken intoaccount [5]. Tlfmethqd isocenter for the central region. Each side ofthdgan HD120
overestimates the dose in the presence of low geasid MLC is configured with 60 leaves distributed in a® wide

underestimates it in the presence of high density, the central region with 32 x 2.5 mm leaves, flankedtlyp 7 cm
medical physicist still uses it to obtain an apfmate result wide side regions with 14 x 5.0 mm leaves, fortaltwidth of

quickly or for a double calculation [6]. 22 cm.
Convolution _model algorithm is introduced in the modern For the experimental set up a new phantom wagettet is
treatment planning systems TPS. This method ischasethe made of Plastic Water and contains several in§g2tx 12 x 3
convolution of the energy distribution due to thenmary cm’) with different tissue equivalent electron dengifgble 1)
particles with a "kernel" describing the dose disttion by at 2 cm of depth, and the phantom can accommodstéoa
secondary particles and the effects of the preseote chamber for dose measuremerig(re 1).
heterogeneities are taken into account. Therevarelasses of The measurements were performed by delivering 100
convolution algorithm: monitor units (MUs) at the central axis depth dosepoint P
- Kernel pencil-beam algorithm: this algorithm assantleat for an open field size 10 x 10 énby using a cylindrical
the kernel remains invariant and the algorithm wlakes the ~ chamber of 0.125 cc collecting volume (model 31010
dose distribution without taking into account thenges in ~ Semiflex: PTW).
the lateral transport of electrons, Pencil Beam v@hriion
(PBC) is an example of this algorithm [7-11]. Table 1. Physical property of different inserts

- Point-spread functions: this algorithm assumes ttiet Physical Density ~ Electron Density

Insert

kernel is Qeformgd accqrding to the e_lectron dgresibund it g B0 %2007 x 167 EIi_Cé;O;S/ e
at the point of interaction. It takes into accotim¢ lateral Lung — (Inhale) 0205 0634
transport of electrons approximately in the presemt Bone + (Solide Dense Bone) 153 4.862
heterogeneity; this is the case of the CollapsecheCo  Bone - (Solide Trabecular Bone) 1.16 3.730
Convolution (CCC) algorithm of Pinnacle TPS (Pp#i Muscle 1.06 3.483
[12-14] or AAA of Eclipse TPS (Varian) [15-19]. Water L 3.340

Algorithms based on "physical principles" as for example

Acuros XB algorithm [20], is a deterministic algiiin that is SOLECS

based on the approximations of the Boltzman equataiving . ' /\ )

methods. It takes into account the lateral trartspbelectrons wcomins el nro | F o L S

/

and the effect of heterogeneity on the dose caionlathe L | 2em
algorithm uses the Fokker-Planck equation (desagibihe 7ch ﬂcrﬂhﬁ’%—— Insert 12 x12 x 3 cm?
spatially and temporally evolution of the probailiensity of pr]

a type of particles) to solve the particle transpbne computer

resolution of the problem can be done very quickiy close to solide Water
the Monte Carlo calculation.

P #¢= 1 — lonization Chamber

Our purpose in this study is to evaluate the amguof the
dose calculation performed with two different alguns

implemented in the TPS Analytical Anisotropic Algbm Figure 1. Schematic of experimental set-up
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The CT scans of phantom were acquired with 512X figels
at 0.25cm slice spacing on GE LightSpeed CT Scaaner
imported to Eclipse for calculating the dose byngsi2
algorithms. Then we normalized the calculated d@geA and
AXB) at dmax and compared to measurement.

Twenty-lung cancer patients were included in thisdy.
Each patient was set up in the supine position thedupper
body was immobilized with cradle with their armsedwead.
Scanner images were acquired under the same aogléds the
phantom and imported into the TPS. The physiciantaged
the target volume PTV and organs at risk such asspinal
cord, the lungs and the heatrt.

Treatment plans of all patients were generatetgusvo arcs
(technique: RapidArc; Energy: 6 MV X-ray; machine:

Truebeam STX) gantry angles from 181° to 179° and

optimized by using Photon Optimizer algorithm (PQhe

prescribed dose at PTV was 66 Gy with a daily dds2Gy in

33 fractions. The aims of the planning were to gateleast
95% of the prescribed doses to at least 95% oPih¢ while

minimizing the volumes irradiated to the organsisit. At the
end of the optimization, each plan was calculatedhe AAA

algorithm and recalculated by Acuros XB algorithafter

calculation we have normalized all plans at the mafatarget
volume. The grid size used for dose calculatioallbplans was
setto 2.5 mm.

Treatment plans were evaluated comparing the maxrim
dose, the average dose, the conformity indeguétion 3) and
the homogeneity indexEquation 4) for PTV. For organs at
risk, this evaluation is performed by comparing thaximum
dose received by the spinal cord, the dose recdiyed3%,
67% and 100% of the heart volume, the average dndethe
dose received by 37% of the volume of the healtimgs.

The conformity index is the ratio between the mefee
volume Vgse, and the volume of PTV.

_ (V95%
Cl= (VPTV)
The homogeneity index is the difference between ribar

maximum dose (B, and the near minimum dose o)
normalized by the median dose.

Eqg. 3

HI = (DZ%— D98%)

mediane dose Eq.4
Statistical analysis was performed with SPSS 2@afistical
software (Chicago, IL, USA). The differences of ivas
parameters between the two groups were analyzed
compared with paired two sided Student’s t-test0.Bs was

considered statistically significant.

Results

Figure 2 shows the dose calculated from two algorithms AAA
and Acuros XB, and measured dose at the Clinac diygu
ionization chamber. The observed difference betwA&m
algorithm and measurement after water, muscle,-l(ingale),
lung+ (exhale), bone+ (solide dense), and bonelidéso
trabecular) inserts are respectively 2.4%, 1.6%%3.2.6%,
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2.2%, 3.6%. Concerning Acuros algorithm, the ddferes
observed with the same inserts in previous ordez ar
respectively 0.7%, 0%, 0.3%, 0.5%, 0.6%, 1%, Thsaulte
showed that the Acuros algorithm is very close he t
measurements in different heterogeneity and bettenpared
to the AAA algorithm.

When comparing the dose coverage of planning targe
volume calculated by TPS Eclipse from the two dalibon
algorithms AAA and Acuros, Table 2 show statistical
significance difference between algorithms for HdaDmax.
The homogeneity index and the maximum dose wefgehifpr
AAA plans than Acuros plans (HI: 0.11+0.01 vs 0.0%H p =
0.04; Dmax: 69.30+3.12 vs 68.51+2.64 p = 0.02)tdad, no
statistically significant difference was observed ¢onformity
index Cl and mean dose (Cl: 0.97+0.18 vs 0.99+0.%40.33;
Dmean: 66.3+0.65 vs 66.10+0.61 p = 0.54).

For organs at riskTable 3 shows the maximum dose for
spinal cord, mean dose and D37 % for lung minus Gddse
receiving 37% of lung volume) were found to be lovier
AAA plans than Acuros XB and the differences were
statistically significant (p<0.05). For heart D338ad D67%
were found to be higher for AAA plans than AcuroB #nd
the differences were statistically significant (8%), but No
difference was observed for D100% of the heart.
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Figure 2. Dose calculated by AAA, AXB, and measureenmt at the
linac for different heterogeneities

Table 2. Comparisons between AAA and Accuros XB algithms
for PTV

and

Parameter AAA (meant SD)  Accuros (meant SD) P
cl 0.97+0.18 0.99+0.14 0.33
HI 0.11+0.01 0.05+0.01 0.04

Dmax (Gy) 69.30+3.12 68.51+2.64 0.02

Dmean (Gy) 66.30+0.65 66.1+0.61 0.54

Table 3. Comparisons between AAA and Acuros XB algdhms
for OAR

AAA - Acuros XB (%)

OAR Min Diff ~ Max Diff Mean Diff

Spinal Cord -6.3 -1.3 -2.5 <0.05
Heart D33 (Gy) 24 8.2 4.9 <0.05
Heart D67 (Gy) 0.7 7.2 3.3 <0.05
Heart D100 (Gy) -1.02 1.9 -0.4 NS
Lung minus GTV D37 (Gy) -6.3 11 -2.4 <0.05
Lung minus GTV, Dmean (Gy) -3.7 -1.2 -1.9 <0.05
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Discussion

The purpose of this work was to compare the dotmileged
by two algorithms AAA and Acuros XB in a phantomtiwi
several heterogeneity at a given point in a fitags, and to
expand the field of investigation in a second stefhe clinical
case, which presents a complex heterogeneity.

The algorithm AAA and the old algorithms have some

limitations. The heterogeneous medium is convettedater
and then the dose distribution is calculated. Theirds XB
algorithm calculates in the inhomogenous absorbargua list
of materials and a look up table to describe thengbal
composition of each voxel [22].

The result of our phantom study showed a goodemgeat
with several studies that demonstrated the suggriof the
Acuros XB over the AAA in predicting dose wherc@ncerns
heterogeneous media [23-25].In the presence ofdusaeity:
water; lung; bone, the algorithm Acuros XB is mgmecise
and very close to the measurements. The algorithivA A
underestimates the calculated dose beyond thesmbeheous

Pol J Med Phys Eng 2018;24(3):115-119

(Dmax) to the target, between the two algorithms {5), the
HI and Dmax for AAA were higher than AXB. Similagsult
was described in several publications [26, 14 a3@, 31].

For organs at risk, the results of the study edrmut by
Sterpin et al [32] is in alignment with our findimdor AAA
and Acuros XB calculations. As illustratedTable 2, there is
a statistical significant difference for all thegans (p< 0.05)
except for the heart, where there is no signifidifierence for
the dose received by 100% of the heart volume.

Conclusion

The results of our measurements phantom study shawery
good agreement with calculations carried out witburs
algorithm. Little worse agreement was obtained #fokA
algorithm.

The results of our clinical study showed no sigaifit
differences for the mean dose and conformity indéxthe
target volume for both algorithms, however the Hgameity
Index and Maximum Dose are significantly differerffor

medium while in the presence of the muscle the AAA
overestimates the dose.

For the clinical study, the AAA and AXB plans eme
evaluated based on the results derived frone Dbse
Volume Histogram DVH in the Eclipse TPS. In tkizdy,
analysis of DVH for all 20 patients showed no digaint
differences for the mean dose and conformity indéxhe
target volume (p> 0.05) for both algorithms (AAAdaAcuros
XB). This result is similar to the results reportad many
studies [26-29].

However, there was a statistically significant feliénce
observed for the Homogeneity Index (HI) and MaximDose

organs at risk, there is a statistical significdifference for the
majority of organs.
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