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ABSTRACT

The aim of the present study was to investigate the dose-volume variations of planning target volume (PTV) and organs at
risks (OARs) in 15 left lung cancer patients comparing analytical anisotropic algorithm (AAA) versus Acuros XB algorithm.
Originally, all plans were created using AAA with a template of dose constraints and optimization parameters, and the patients
were treated using intensity modulated radiotherapy. In addition, another set of plans was created by performing only dose
calculations using Acuros algorithm without doing any reoptimization. Thereby, in both set of plans, the entire plan parameters,
namely, beam angle, beam weight, number of beams, prescribed dose, normalization point, region of interest constraints,
number of monitor units, and plan optimization were kept constant. The evaluated plan parameters were PTV coverage at dose
at 95% volume (TV95) of PTV (D95), the dose at 5% of PTV (D5), maximum dose (D, _), the mean dose (D,_,.), the percent
volume receiving 5 Gy (V5), 20 Gy (V20), 30 Gy (V30) of normal lung at risk (left lung- gross target volume [GTV]), the dose at
33% volume (D33), at 67% volume (D67), and the D, (Gy) of the heart, the D of the spinal cord. Furthermore, homogeneity
index (HI) and conformity index were evaluated to check the quality of the plans. Significant statistical differences between the
two algorithms, P < 0.05, were found in D95, D__, TV95, and HI of PTV. Furthermore, significant statistical differences were
found in the dose parameters for the OARs, namely, V5, V20, and V30 of left lung-GTV, right lung (D,.,), D33, and D, of the
heart, and D___of the spine, respectively. Although statistical differences do exist, the magnitude of the differences is too small
to cause any clinically observable effect.
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Introduction

The algorithm used for dose calculation plays a very
important role in delivery of dose to patients undergoing
radiation treatment.!") The beam configuration of analytical
anisotropic algorithm (AAA) involves precalculated Monte
Carlodatatodetermineall parameterstomatchthemeasured
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beam data.l”! The AAA calculation uses accurate Monte
Carlo-based three-dimensional pencil beam convolution
superimposition for inhomogeneity correction. Algorithms
can be divided into three classes based on their accuracy.
Type “A” was proposed by Knéos et al.’! which were based
on measurements and accounts for correction for patient
contours and heterogeneities. Type “B” was proposed
by Ojala et al.™ which were based on superposition and
convolution techniques. The algorithm, Acuros XB (AXB),
based on linear Boltzmann transport equation which
was first implemented in the Eclipse treatment planning

Access this article online

Quick Response Code:

Website:
www.jmp.org.in

DOI:
10.4103/0971-6203.195185

This is an open access article distributed under the terms of the Creative
Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows
others to remix, tweak, and build upon the work non-commercially, as long as the
author is credited and the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

How to cite this article: Krishna GS, Srinivas V, Reddy PY. Clinical
implications of Eclipse analytical anisotropic algorithm and Acuros XB

algorithm for the treatment of lung cancer. J Med Phys 2016;41:219-23.

© 2016 Journal of Medical Physics | Published by Wolters Kluwer - Medknow



220 SriKrishna, et al.: Clinical implications of Eclipse AAA and AXB algorithms for Lung cancer

system ('TPS) by Varian Medical Systems, Inc., (PaloAlto, CA,
USA).Plcomes under more accurate type “C”1" algorithms.
The origin of AXB algorithm designed for radiotherapy dose
calculations is Transpire, Inc., (Gig Harbor, WA, USA).[512
Lloyd and Ansbacher!™ showed that the performance of
AXB was better than existing clinical algorithm, AAA in
high-density materials. Kan et al.""! showed the importance
of options for dose to medium and dose to water in AXB
in bone in the treatment of nasopharyngeal carcinoma by
intensity modulated radiotherapy (IMRT) and RapidAre.
Tomiyama et al.™ showed that Voxel Monte Carlo
algorithm and AXB were better than AAA in stereotactic
body radiotherapy (SBRT) of the lung. Similarly, Liu et al.!"*!
showed that advantage of Acuros over AAA for treatment of
SBRT lung. There were contradictory results on studies of
lung cancers for planning target volume (PTV) coverage as
well as sparing of the normal lung. Jiang et al."’) reported
that volumetric modulated arc therapy (VMAT) was better
than IMRT with better PTV coverage and sparing of normal
lung by evaluating V20, V30, and mean dose (D,__ ) for
the lung. Rao et al." showed comparable PTV coverage
using VMAT and IMRT. Ong et al.!" reported that IMRT
was better than VMAT by evaluating V5 for the lung. The
current study evaluated the differences in PTV coverage
and in sparing of OARs when using the two different dose
calculation algorithms AAA and AXB in IMRT.

Materials and Methods

A 6 MV linear accelerator, Clinac 600C (Varian, Palo Alto,
CA, USA) having forty-pairs multi-leaf collimator (MLC)
with eachleaf projecting 1 cm width atisocenter was used for
the delivery of radiation treatments. A cohort of 15 patients
diagnosed with non-small cell carcinoma of the left lung
was taken for the study. All patients received a prescription
dose of 50 Gy in 25 fractions. Thermoplastic sheet (Orfit)
was used for immobilizing the patients. A Philips (big
bore) computed tomography (CT) scanner was utilized for
imaging patients, and CT images of 3-mm slice thickness
were acquired with the patients lying in supine position.
The CT images were transferred to the Eclipse TPS,
version 13.6 (Varian Medical Systems, Palo Alto, CA, USA).
The gross target volume (GTV), clinical target volume, the
PTYV, and the organs at risks (OARs) were contoured on the
CT images by a qualified radiation oncologist following the
guidelines of the International Commission on Radiation
Units and Measurements report 83.1 Since the tumor was
at the left side, the beams were selected from the left side
only. Initially, the plans were created in AAA using IMRT
technique with a grid size of 2.5 mm, and 7 mm margin was
given around the GTV to account for lung motion during
the treatment. For this, a template of dose constraints was
created, and plan optimization was done using the created
template. In addition, these constraints were changed to
obtain minimum possible dose to critical organs without
compromising the PTV coverage of at least 95% dose to 95%

of PTV volume. One more set of plans was created using
AXB algorithm, only by performing recalculation without
doing any reoptimization. Thereby, in both the plans (AAA
and AXB), all the plan parameters, namely, beam shape,
beam angle, beam weight, number of beams, prescribed
dose, normalization point, region of interest constraints,
number of monitor units (MUs), and plan optimization
were kept constant, and only the calculation algorithm was
changed. The dose distributions in the PTV and the OARs
in both the sets of plans were compared. Table 1 shows
dose constraints?!! for PTV and OARs used in treatment
planning.

Plananalysis fordose-volume histogram parameters

The plans were evaluated and compared on the basis of
following dosimetric parameters, namely, target coverage,
dose to OARs, homogeneity index (II), and conformity
index (CI). In the current study, HI was evaluated using
the formula:*%]

HI = D5/D95

where D5 is dose to 5% of volume of PTV and D95 is dose
to 95% of volume of PTV.

A value of I closer to 1 points to a more homogencous
dose inside the PTV.

CI was evaluated using the formulal?¢%’)
CI = (TV95/V95) x (TV95/TV).

where TV95 is the volume of PTV receiving 95% of
prescribed dose, V95 is the volume of tissue receiving 95%
of prescribed dose, and TV is the volume of PTV.

Avalue of Cl closer to 1 represents more a conformal dose
around PTV with less spillage of dose.

Statistical analysis of the data scts for the two algorithms
was done using paired, two-tailed t-test and computing the
P value. When P < 0.05, the difference between the two
algorithms was considered as significant.

Results

Table 2 shows the location and dimensions of PTV for
15 cases. Mean of PTV was found to be 203.69 cc with
standard deviation (SD: 84 cc). Mean values of OARs were
left lung-GTV, 1163 cc (SD: 363 cc), contralateral lung,
1612 cc (SD: 564 cc), heart, 482 cc (SD: 202 cc), and spinal
cord, 35.5 cc (SD: 18 ce), respectively.

Tables 3 and 4 show the differences between the doses
calculated by AAA and by AXB. Figure 1 shows the difference
between dose coverage to PTV for a representative patient.
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) for both

Figure 2 shows the deviation in mean dose (D
the algorithms.

mean

Of the various assessed dose-volume parameters for
PTV, D95, maximum dose D__, TV95%, and HI showed
statistical significance between AAA and AXB algorithms
(P = 0.01, 0.00, 0.01 and 0.04). Similarly, among the

Table 1: Planning target volume and organs at
risks-dose constraints for treatment planning

PTV 95% of prescribed dose
to 95% of PTV volume

Lung-GTV (V20 Gy) <37%
Lung-GTV (D, _,) <20 Gy

Heart (33%) <60 Gy

Heart (67%) <45 Gy

Heart (D, _,.) <40 Gy

Spinal cord (D, ) <45 Gy

GTV: Gross target volume, PTV: Planning target volume, D__. : Mean dose,
D, Maximum dose

Table 2: Location and volume of planning target
volume for 15 cases

Case PTV volume Location of PTV

number (cc)

1 282 Left upper lobe

2 209.4 Left upper lobe, anterior

3 268.2 Left upper lobe

4 301.4 Left upper lobe, anterior

5 252.9 Left upper lobe centrally located
6 138.3 Left lower lobe centrally located
7 167.4 Left lower lobe centrally located
8 151.8 left upper lobe, near to chest wall
9 177.6 Left upper lobe, posterior

10 128.8 Left upper lobe, anterior

1 51.7 Left lower lobe centrally located
12 381 Left upper lobe, anterior

13 137.3 Left lower lobe centrally located
14 163.3 Left lower lobe, posterior

15 145.8 Left upper lobe, near to chest wall

PTV: Planning target volume

several assessed dose-volume parameters for various
OARs, significant differences between the two algorithms
were observed only for V5, V20 and V30 in left lung-GTYV,
D . inright lung, D33 in heart, and D___in spine (P =

0.00, 0.00, 0.00, 0.00 and 0.00 respectively) as shown in
Table 4.

Discussions

Dose at 95% of PTV, volume of PTV receiving 95% of
dose, and HI were overestimated in AAA compared to AXB
as reported previously.>!® Our results are comparable to
that of Rana et al.?" who showed that more number of MUs
are required for AXB to achieve similar target coverage in
comparison to that of AAA. This typical dose coverage to
PTV showing the difference in both algorithms is shown
in Figure 1 for a representative patient. As the plans were
recalculated with the same number of MUs in both the
algorithms (AXB and AAA), PTV coverage at 95% level
with AAA was good whereas it was not so with AXB. This
can be also seen by observing the variation in percent
deviation in D for AAA versus AXB from Figure 2.

mean

Even though there is a statistical significance between
AAA versus AXB, the mean difference is very small for
PTV coverage as shown in Table 3. Similarly, from Table 4,
it can be observed that the OAR doses were slightly
underestimated in case of normal lung (represents air)
and slightly overestimated in case of the heart (represents
muscle) and spine (represents bone) in AAA compared to

Figure 1: The difference between dose coverage to planning target volume
for a representative patient (left side: Analytical anisotropic algorithm and
right side: Acuros)

Table 3: Comparison of planning target volume coverage for analytical anisotropic algorithm versus
Acuros XB algorithm using intensity modulated radiotherapy technique

PTV AAA AXB P Difference
Mean SD Mean SD

D5 (Gy) 51.06 0.33 51.03 1.1 0.92 -0.03
D95 (Gy) 48.48 0.47 48.07 0.49 0.01 -0.41
D, ... (GY) 49.90 0.41 49.87 0.45 0.72 -0.03
D,.. (Gy) 52.96 0.69 53.56 0.66 0.00 0.60
TV95 (%) 98.91 2.23 98.10 2.91 0.01 -0.81
HI 1.05 0.01 1.06 0.02 0.04 0.01

Cl 0.84 0.13 0.84 0.13 0.48 0.00

PTV: Planning target volume, AAA: Analytical anisotropic algorithm, HI: Homogeneity index, Cl: Conformity index, SD: Standard deviation, AXB: Acuros XB, D

: Maximum dose

max*

dose, D

: Mean

mean”
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Table 4: Comparison of organs at risk doses for analytical anisotropic algorithm versus Acuros XB
algorithm using intensity modulated radiotherapy technique

OAR AAA AXB P Difference (%)
Mean SD Mean SD

Left lung-GTV, V5 (cc %) 48.68 8.85 49.19 8.91 0.00 1.03
Left lung-GTV, V20 (cc %) 27.58 6.70 27.88 6.72 0.00 1.08
Left lung-GTV, V30 (cc %) 15.41 3.82 15.59 3.85 0.00 1.21
Left lung-GTV, D__(Gy) 12.62 2.16 12.66 2.16 0.11 0.25
Right lung, D, (Gy) 3.64 0.84 3.69 0.84 0.00 1.24
Heart, D33 (Gy) 5.07 4.58 4.98 4.52 0.00 -1.87
Heart, D67 (Gy) 2.18 2.68 2.18 2.68 0.88 0.21
D, ... (Gy) 5.34 4.26 5.26 4.20 0.00 -1.46
Spine, D, (Gy) 21.42 7.29 20.87 712 0.00 -2.57

GTV: Gross target volume, OAR: Organs at risk, AAA: Analytical anisotropic algorithm, SD: Standard deviation, AXB: Acuros XB, D___: Mean dose, D__: Maximum dose

1.50%

1.00%

0.50%
0.00%

11 12 13 14

-0.50%

-1.00%

-1.50%

-2.00%

Figure 2: Percent deviation in mean dose for Analytical Anisotropic
Algorithm versus Acuros for 15 cases. The X-axis represents case number

AXB. Even though statistical significance does exist for
V5, V10, V30 of (Lt.Lung-GTV), Rt.Lung (D__ ), Heart
(D33), Heart (D__ ) and Spine (D, ), the difference
between the two algorithms is less than 3%. Accuracy
of AXB over AAA is well documented in literature. 1316
A limited study done by us, varying the size of PTV and
OAR did not show any significant difference between the
two algorithms.

Conclusions

This study concludes that overall minor overestimation
of PTV coverage in AAA compared to AXB algorithm. In
case of OAR doses, mixed results were observed. Doses to
the normal lung were slightly underestimated, and doses
to the heart and spine were slightly overestimated in AAA
compared to AXB. Even though statistically significant
differences were observed between the two algorithms, the
magnitude of the dose difference is too small to cause any
clinical significance.
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