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Summary

The Acuros XB (AXB)
algorithm was proved to
calculate more accurate
doses than the anisotropic
analytical algorithm (AAA)
in heterogeneous medium.
This investigation was to
assess the dosimetric impact
of using AXB instead of
AAA for the treatment of
nasopharyngeal carcinomas,
because of the presence of
bone and air. Our results
proved that AXB estimated
lower doses to target
volumes and critical organs.
The dose reduction was more
noticeable in bone than in
tissue and air.

Purpose: To assess the dosimetric implications for the intensity modulated radiation therapy
(IMRT) and volumetric modulated arc therapy with RapidArc (RA) of nasopharyngeal carci-
nomas (NPC) due to the use of the Acuros XB (AXB) algorithm versus the anisotropic analytical
algorithm (AAA).
Methods and Materials: Nine-field sliding window IMRT and triple-arc RA plans produced for
12 patients with NPC using AAA were recalculated using AXB. The dose distributions to
multiple planning target volumes (PTVs) with different prescribed doses and critical organs
were compared. The PTVs were separated into components in bone, air, and tissue. The change
of doses by AXB due to air and bone, and the variation of the amount of dose changes with
number of fields was also studied using simple geometric phantoms.
Results: Using AXB instead of AAA, the averaged mean dose to PTV70 (70 Gy was prescribed
to PTV70) was found to be 0.9% and 1.2% lower for IMRT and RA, respectively. It was approx-
imately 1% lower in tissue, 2% lower in bone, and 1% higher in air. The averaged minimum
dose to PTV70 in bone was approximately 4% lower for both IMRT and RA, whereas it was
approximately 1.5% lower for PTV70 in tissue. The decrease in target doses estimated by
AXB was mostly contributed from the presence of bone, less from tissue, and none from air.
A similar trend was observed for PTV60 (60 Gy was prescribed to PTV60). The doses to most
serial organs were found to be 1% to 3% lower and to other organs 4% to 10% lower for both
techniques.
Conclusions: The use of the AXB algorithm is highly recommended for IMRT and RapidArc
planning for NPC cases. � 2013 Elsevier Inc.

Introduction

Radiation therapy is one of the main treatment methods for
nasopharyngeal carcinomas (NPC). The treatment usually requires

sophisticated radiation therapy techniques such as intensity
modulated radiation therapy (IMRT) and volumetric modulated
arc radiation therapy (1-3).

One of the major limitations of most commercially available
correction-based algorithms for photon dose calculation is the
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ability to account for the effect of electron transport. The
commonly used convolution-superposition algorithm, the aniso-
tropic analytical algorithm (AAA), and the collapsed cone
convolution algorithm were proved to overestimate the doses near
air/tissue interface when small fields were used (4-6). Because the
NP region is surrounded by a considerable amount of bony
structures and air cavities, the limitations of the algorithms
mentioned above may induce errors, therefore affecting the reli-
ability of the calculated patient dose.

Recently a new dose calculation algorithm, the Acuros XB
Advanced Dose Calculation (AXB), has been implemented in the
Eclipse treatment planning system (Varian Medical Systems, Palo
Alto, CA). It explicitly solves the linear Boltzmann transport
equation that describes the macroscopic behavior of radiation
particles as they travel through and interact with matter. It uses the
chemical composition of each material in which particles are
transported. Tissue segmentation is based on density ranges
related to the Hounsfield units from the CT images, and for each
tissue the specific chemical composition is considered according
to International Commission on Radiological Protection Report 23
(7). Some recent publications have reported comparable accuracy
between AXB and Monte Carlo methods in heterogeneous media
(8-11). The main aim of this study was to assess the dosimetric
impact on IMRT and RapidArc (RA) for NPC patients due to the
recalculation of dose distribution using AXB instead of AAA. In
our study the target volumes were stratified into 3 groups: the
target in tissue, in bone, and in air. The dosimetric analysis was
performed for the original contoured target volumes as well as the
stratified target volumes.

The differences in estimating dose distribution with AXB
versus AAA were also assessed using simple rectangular phan-
toms with pure air and pure bone. The dose differences for a single
small field and the variation of its effect with increasing field
number was also reported. This helps to explain the reasons
behind the dose changes due to the presence of bone and air in real
patients.

Methods and Materials

Contouring and prescription of target volumes

Twelve NPC patients with staging ranging from T1 to T4 were
chosen for this study. The primary gross tumor volume (GTV)
covered the gross tumor plus the entire nasopharynx down to
the caudal border of the C1 vertebra. The nodal GTV (GTVN)
encompassed any positive lymph nodes defined by a short axis
of greater than 1 cm. The boost clinical target volume (CTV70)
and the nodal CTV (CTVN) were formed by adding a 0.5-cm
margin to GTV and GTVN, respectively. The high-risk CTV
(CTV60) was created by adding 1 cm margin to CTV70 and
CTVN plus minimal coverage for high-risk elective sites. The
low-risk CTV (CTV54) covered bilateral level IV and Vb nodal
regions unless positive lymph nodes were present where CTV60

would extend into level IV and Vb to 0.15 cm below the caudal
border of CTVN. The boost planning target volume (PTV) with
nodal PTV (PTV70), high-risk PTV (PTV60), and low-risk PTV
(PTV54) were produced by adding 0.3 cm to CTV70 with
CTVN, CTV60, and CTV54, respectively. Seventy grays, 60 Gy,
and 54 Gy were prescribed to PTV70, PTV60, and PTV54,
respectively. The prescription dose was given in 35 daily

fractions for T1 or T2 cases and 33 daily fractions for T3 or T4
cases.

The volumes of the contoured PTV70 and PTV60 include
a considerable amount of air cavities and bony structures. To
assess the dosimetric impact to PTVs due to materials of different
densities, the bony structures and air cavities included in these 2
target volumes were contoured separately as PTV in bone and
PTV in air. The rest of the volumes were contoured as PTV in
tissue. Little bone and air were found in PTV54, and therefore it
was not stratified.

Treatment planning

Intensity modulated radiation therapy plans were created for 12
patients using a 9-field sliding window technique and triple-arc
RapidArc. All fields in the IMRT plans were evenly distributed in
coplanar beam directions. The triple-arc RA plans were created
using 2 complete arcs plus 1 partial arc. All plans were generated
using a 6-MV beam and modulated with a 120 multileaf colli-
mator from a linear accelerator (Clinac 23EX; Varian Medical
Systems).

All treatment plans were generated using Eclipse, version 10.
The optimization goal was to ensure that at least 95% of the PTVs
would receive the prescribed reference dose, and no more than
5% of the PTV70 would receive 107% of the prescribed dose,
while minimizing the doses to organs at risk (OARs). The final
dose calculations were performed using AAA version 10.0.28
with inhomogeneity correction and 2.5-mm grid resolution. The
quality of each treatment plan was assessed with regard to its
clinical acceptability by an oncologist. Each plan was subse-
quently recalculated using AXB version 10.0.28 with the identical
monitor units and multileaf collimator leaf settings as with AAA.
Acuros XB using the “dose-to-medium” option with 2.5-mm grid

Fig. 1. The tissue equivalent rectangular phantom with air
cavity or bone insert for investigation of dose variation due to the
use of the Acuros XB algorithm.
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resolution was used. Two options of dose reporting modes were
available in AXB: dose-to-water (Dw) and dose-to-medium (Dm).
Both calculate the energy-dependent electron fluence according
to the material properties of the media. The difference between
these 2 options is in the postprocessing step, during which the

energy-dependent fluence calculated by AXB’s transport is
multiplied by different flux-to-dose response functions to obtain
the absorbed dose. For Dm, AXB uses a medium-based response
function, whereas for Dw AXB uses a water-based response
function (8-11).

Table 1 Summary of averaged doses to target volumes estimated by AAA and AXB over the 12 patients

Item Parameter IMRT (AAA) IMRT (AXB) P* RA (AAA) RA (AXB) P*

PTV70 D2%, Gy 74.1 � 0.6 74.0 � 0.6 w 73.6 � 0.3 73.6 � 0.4 w
D98%, Gy 70.6 � 0.4 69.3 � 0.6 þ 70.1 � 0.3 68.8 � 0.4 þ
Mean, Gy 72.5 � 0.5 71.8 � 0.6 þ 72.2 � 0.2 71.4 � 0.2 þ
V>107, % 1.1 � 3.3 0.9 � 2.1 w 0.0 � 0.1 0.1 � 0.1 þ
V>95, % 100 � 0.0 100 � 0.0 w 100 � 0.0 100 � 0.1 w
HI 0.049 � 0.005 0.066 � 0.007 þ 0.048 � 0.008 0.067 � 0.008 þ
CN 0.81 � 0.04 0.81 � 0.03 w 0.85 � 0.02 0.82 � 0.03 þ

PTV70_tissue D2%, Gy 74.1 � 0.6 73.8 � 0.7 þ 73.7 � 0.3 73.3 � 0.3 þ
D98%, Gy 70.7 � 0.4 69.8 � 0.5 þ 70.4 � 0.4 69.3 � 0.4 þ
Mean, Gy 72.5 � 0.5 71.8 � 0.6 þ 72.3 � 0.2 71.4 � 0.2 þ
V>95, % 100 � 0.0 100 � 0.0 w 100 � 0.0 100 � 0.0 w
HI 0.047 � 0.005 0.056 � 0.005 þ 0.045 � 0.008 0.056 � 0.006 þ

PTV70_bone D2%, Gy 74.1 � 0.6 73.1 � 0.6 þ 73.6 � 0.4 72.3 � 0.4 þ
D98%, Gy 70.6 � 0.5 67.9 � 0.7 þ 70.3 � 0.4 67.6 � 0.5 þ
Mean, Gy 72.5 � 0.4 71.0 � 0.6 þ 72.2 � 0.3 70.5 � 0.4 þ
V>95, % 100 � 0.0 99.8 � 0.2 þ 100 � 0.0 99.6 � 0.3 þ
HI 0.049 � 0.005 0.072 � 0.008 þ 0.046 � 0.007 0.067 � 0.008 þ

PTV70_air D2%, Gy 73.4 � 0.4 74.7 � 0.6 þ 72.9 � 0.4 74.4 � 0.5 þ
D98%, Gy 70.5 � 0.4 71.3 � 0.6 þ 70.1 � 0.4 70.8 � 0.4 þ
Mean, Gy 71.9 � 0.3 73.0 � 0.5 þ 71.8 � 0.3 72.7 � 0.4 þ
V>95, % 100 � 0.0 100 � 0.0 w 100 � 0.0 100 � 0.0 w
HI 0.040 � 0.005 0.047 � 0.005 þ 0.039 � 0.008 0.049 � 0.008 þ

PTV60 D2%, Gy 73.6 � 0.6 73.2 � 0.7 þ 73.2 � 0.3 72.7 � 0.4 þ
D98%, Gy 60.9 � 0.4 60.1 � 0.5 þ 60.1 � 0.5 59.3 � 0.4 þ
Mean, Gy 66.9 � 0.9 66.2 � 1.0 þ 66.9 � 0.4 66.0 � 0.5 þ
V>95, % 100.0 � 0.1 99.9 � 0.1 w 99.8 � 0.2 99.7 � 0.2 w
HI 0.191 � 0.009 0.198 � 0.009 w 0.197 � 0.009 0.204 � 0.008 w
CN 0.84 � 0.03 0.85 � 0.03 w 0.86 � 0.02 0.88 � 0.02 w

PTV60_tissue D2%, Gy 73.5 � 0.6 73.0 � 0.7 þ 73.2 � 0.3 72.5 � 0.3 þ
D98%, Gy 61.0 � 0.4 60.3 � 0.5 þ 60.3 � 0.6 59.7 � 0.5 þ
Mean, Gy 66.8 � 0.9 66.1 � 1.0 þ 66.9 � 0.4 65.9 � 0.4 þ
V>95, % 100 � 0.1 99.9 � 0.1 þ 99.8 � 0.2 99.8 � 0.2 w
HI 0.190 � 0.008 0.193 � 0.009 w 0.194 � 0.011 0.195 � 0.008 w

PTV60_bone D2%, Gy 73.7 � 0.5 72.6 � 0.6 þ 73.3 � 0.5 71.9 � 0.5 þ
D98%, Gy 61.2 � 0.4 59.1 � 0.6 þ 60.5 � 0.5 58.4 � 0.6 þ
Mean, Gy 68.2 � 0.9 66.6 � 0.9 þ 68.2 � 1.4 66.1 � 0.7 þ
V>95, % 100 � 0.0 99.7 � 0.2 þ 99.9 � 0.1 99.3 � 0.4 þ
HI 0.185 � 0.009 0.202 � 0.012 þ 0.187 � 0.009 0.204 � 0.011 þ

PTV60_air D2%, Gy 73.0 � 0.4 74.2 � 0.5 þ 72.7 � 0.5 73.8 � 0.5 þ
D98%, Gy 60.7 � 0.5 60.9 � 0.8 w 60.3 � 0.6 60.1 � 1.1 w
Mean, Gy 66.7 � 1.4 67.7 � 1.4 þ 66.7 � 1.1 67.5 � 1.1 þ
V>95, % 100 � 0.1 100.0 � 0.1 w 100 � 0.1 99.8 � 0.3 w
HI 0.187 � 0.011 0.199 � 0.014 þ 0.188 � 0.012 0.204 � 0.020 þ

PTV54 D2%, Gy 61.1 � 2.5 61.1 � 2.6 w 60.8 � 2.2 60.3 � 2.3 w
D98%, Gy 54.7 � 0.6 54.2 � 0.7 þ 53.9 � 0.6 53.6 � 0.5 þ
Mean, Gy 57.3 � 0.6 57.0 � 0.7 þ 57.2 � 0.4 56.6 � 0.4 þ
V>95, % 100 � 0.05 100 � 0.05 w 99.9 � 0.1 99.9 � 0.1 w
HI 0.113 � 0.045 0.120 � 0.048 w 0.121 � 0.040 0.119 � 0.044 w

Abbreviations: AAA Z anisotropic analytical algorithm; AXB Z Acuros XB algorithm; CN Z confirmation number; HI Z homogeneity index;

IMRT Z intensity modulated radiation therapy; RA Z RapidArc.

* The symbol “þ” stands for a P value �.05 for which the result is statistically significant, and the symbol “w” stands for a P value >.05.
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Dosimetric evaluation

For the originally contoured PTVs and those corresponding
separated components in bone (PTV_bone), air (PTV_air), and
tissue (PTV_tissue), doses were calculated using AAA and AXB
and compared in terms of the mean doses, maximum doses

represented by D2% (minimum doses received by 2% of the target
volumes), and minimum doses represented by D98%. The coverage
to targets represented by V>95% (volume receiving more than 95%
of the reference dose) and the hot areas represented by V>107%

were compared. Target dose homogeneity was evaluated by using
the homogeneity index (HI), defined as the ratio (D2%-D98%)/D50%

(12). A lower HI indicates a more homogeneous target dose. The
plan conformity was also evaluated using the confirmation
number, which was defined as the product of VT, ref/VT and VT, ref/
Vref, where VT, ref represents the volume of the target receiving
a dose equal to or greater than the prescribed dose, VT represents
the physical volume of the target, and Vref represents the total
tissue volume receiving a dose equal to or greater than the
prescribed dose (13).

Clinically relevant OAR dose parameters were compared. The
parameters studied include the dose encompassing 1% (D1%) and
5% (D5%) of the volume for brain stem, spinal cord, optic chiasm,
optic nerve, temporal lobes, and brachial plexus. The differences
in mean doses to all the above-mentioned serial organs as well as
mean doses to lens, eyes, inner ears, parotid glands, mandible, and
pituitary were reported. Besides, the volumes of parotid glands
receiving more than 30 Gy (V30 Gy) were also reported. The
Wilcoxon matched-pair signed rank test was used to compare the
results. The threshold for statistical significance was P<.05. All
statistical tests were 2-sided and were performed using the
Statistical Package for Social Sciences, version 11.0 (SPSS, Chi-
cago, IL).

Dose effect in simple geometric phantom

To have a better understanding of the dose changes due to the
presence of air and its variation with increasing field numbers,
a tissue equivalent rectangular phantom with air cavity only was
constructed to investigate the differences between AXB and AAA.
The shape and dimensions of the phantom are shown in Figure 1.
The central axis depth doses and dose profiles in the middle of air
and at the air/tissue interfaces from a single small field of 3 �
15 cm2 were calculated and compared between AXB and AAA
using the same monitor unit settings. The air cavity and the
surrounding tissue equivalent material with 5-mm margin were
subsequently contoured as 2 different organs. The ratio of mean
dose to each organ calculated by AXB to that by AAA was esti-
mated for plans with increasing number of fields, ranging from 1
to 10, using the same field size (3 � 15cm2) coming from evenly
distributed directions. The same ratio was also calculated for one
IMRT plan and one RA plan for NPC. The isocenter of each plan
was located 7 cm below the phantom surface at the middle of the
air/tissue interface. The dose variation due to bone was also
studied by repeating the same procedures and replacing the air
cavity with bone.

Results

Doses to real patients

Table 1 summarizes the doses, homogeneity, and conformity to
PTVs of different components in air, bone, and tissue averaged
over the 12 patients. For IMRT plans, it can be observed that the
mean dose to PTV70 estimated by AXB compared with AAAwere
0.9% lower. It was 1% lower for PTV70_tissue, 2% lower for

Fig. 2. Comparison of the dose-volume histograms esti-
mated using the Acuros XB algorithm (AXB) and the aniso-
tropic analytical algorithm (AAA) for different components of
the planning target volume (PTV) in (a) tissue, (b) bone, and
(c) air for a typical intensity modulated radiation therapy
plan.
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PTV70_bone, and 1.5% higher for PTV70_air. The averaged
minimum dose to PTV70 was 1.8% lower. It was 1.4% lower for
PTV70_tissue, 3.7% lower for PTV70_bone, and 1.1% higher for
PTV70_air. The reduction of doses predicted by AXB to
PTV70_bone was relatively more than those in PTV70_tissue,
whereas slightly higher doses were observed in PTV70_air. The
higher HI values calculated by AXB for PTV70 indicated a less
homogeneous dose. For bone and tissue, AXB predicted more
dose reduction in D98% than in D2%, indicating an increase in cold
areas and negligible change in hot areas in the target. For air, AXB
predicted both higher D2% and D98% values, with more increase in
D2%, indicating more hot areas. There was negligible difference in
the conformity and coverage represented by V>95% between AXB
and AAA. Similar changes in the mean and minimum doses were
observed for PTV60. A very similar trend was observed for the
target volumes for RA plans. Figure 2 shows the dose-volume
histogram for the different PTV components of a typical IMRT
plan.

Table 2 summarizes the doses to OARs averaged over the 12
patients. For IMRT plans, the doses represented by D1% to serial
organs including brain stem, spinal cord, optic nerves, optic
chiasm, and brachial plexus were 1% to 2% lower (ie, approxi-
mately 0.4-0.7 Gy) estimated by AXB compared with AAA.
Using AXB, the estimated mean doses to lens and eyes were
11% and 6% lower, with the actual reduction in doses less than
0.5 Gy. The mean doses to parotid were decreased by approxi-
mately 0.8 Gy, with an approximately 1.5% decrease in the
volume of V30 Gy. There was little dose reduction in temporal
lobe and pituitary. Slightly more reduction in the mean doses was
observed in OARs with a high proportion of bony structures,

such as mandible and inner ears. It was 2 Gy for inner ears and
1.5 Gy for mandible. A very similar trend was observed for the
OARs for RA plans.

Dose variation due to air and bone in simple
geometric phantom

The central axis depth doses and dose profiles in air and bone, as
well as near air/tissue and bone/tissue interfaces, calculated by
AXB and AAA are shown in Figure 3. It was observed from the
depth dose curves that AXB predicted lower doses in air and
more severe secondary build-up beyond air. The dose profiles in
air and near the air/tissue interfaces also indicated lower doses
inside the field but higher out-of-field doses predicted by AXB.
The depth dose curves in the bone phantom indicated lower
doses within bone predicted by AXB. The dose profiles in bone
and at the bone/tissue interface indicated lower doses inside the
field.

The variation of the ratio of mean doses to air, bone, and the
nearby tissues calculated by AXB versus AAAwith the number of
fields is shown in Figure 4. For the plans with air it can be seen
that this ratio of mean dose in air, Rair(AxB/AAA), increased as the
number of field increased and became greater than 1 for IMRT
and RA plans, indicating that slightly higher doses would appear
in air predicted by AXB. The ratio for the nearby tissue increased
dramatically, from 0.78 to 0.98, by switching from 1 field to 2
fields, and approaches to 0.99 when 7 fields are used. For the
plans with bone, the ratio, Rbone(AxB/AAA), slightly increased from
0.91 to 0.95 when switching from 1 field to 2 fields and then

Table 2 Summary of averaged doses to organs at risk estimated by AAA and AXB over the 12 patients

Item Parameter IMRT (AAA) IMRT (AXB) P* RA (AAA) RA (AXB) P*

Brain stem D1%, Gy 49.8 � 1.6 49.2 � 1.6 þ 49.8 � 1.4 49.0 � 1.3 þ
D5%, Gy 47.4 � 1.7 46.8 � 1.8 þ 47.8 � 1.6 47.0 � 1.5 þ
Mean, Gy 30.9 � 3.8 30.4 � 3.8 þ 33.2 � 4.1 32.2 � 4.1 þ

Spinal cord D1%, Gy 41.7 � 1.8 41.0 � 1.9 þ 40.5 � 0.9 39.6 � 0.8 þ
D5%, Gy 40.6 � 1.7 40.0 � 1.8 þ 39.4 � 0.9 38.6 � 0.9 þ
Mean, Gy 32.4 � 3.3 31.8 � 3.3 þ 33.2 � 2.8 32.5 � 2.7 w

Optic chiasm D1%, Gy 23.4 � 19.5 23.0 � 19.8 þ 24.7 � 18.8 24.1 � 18.8 þ
D5%, Gy 22.5 � 19.6 22.1 � 19.8 þ 23.7 � 18.7 23.0 � 18.7 þ
Mean, Gy 17.3 � 16.7 16.9 � 16.8 þ 18.8 � 16.3 18.2 � 16.3 þ

Optic nerve D1%, Gy 24.7 � 20.6 24.3 � 20.8 þ 24.7 � 18.8 24.1 � 18.9 þ
D5%, Gy 22.8 � 20.2 22.3 � 20.4 þ 22.3 � 18.6 19.6 � 18.5 þ
Mean, Gy 14.0 � 11.7 13.5 � 11.8 þ 13.8 � 10.7 11.4 � 10.6 þ

Temporal lobe D1%, Gy 63.1 � 3.7 62.8 � 3.7 þ 63.3 � 3.4 63.0 � 3.4 þ
D5%, Gy 51.7 � 6.4 51.4 � 6.3 þ 47.7 � 6.8 47.4 � 6.8 þ
Mean, Gy 17.2 � 4.5 16.9 � 4.4 þ 16.8 � 4.5 16.5 � 4.5 þ

Brachial plexus D1%, Gy 61.5 � 1.1 60.8 � 1.2 þ 61.1 � 0.9 60.1 � 0.8 þ
D5%, Gy 59.5 � 2.1 58.8 � 2.1 þ 59.4 � 1.7 58.4 � 1.7 þ
Mean, Gy 36.5 � 7.7 36.1 � 7.6 þ 37.1 � 7.8 36.6 � 7.6 þ

Parotid gland Mean, Gy 30.2 � 3.9 29.4 � 3.9 þ 28.2 � 2.8 27.2 � 2.8 þ
V>30, % 38.3 � 10.1 36.8 � 9.4 þ 34.1 � 6.7 32.0 � 6.5 þ

Lens Mean, Gy 3.9 � 0.5 3.4 � 0.4 þ 4.9 � 0.9 4.2 � 0.9 þ
Eye Mean, Gy 6.3 � 1.8 5.9 � 1.7 þ 7.0 � 2.1 6.6 � 2.0 þ
Inner ear Mean, Gy 48.7 � 5.4 46.7 � 5.2 þ 46.6 � 5.1 44.4 � 4.9 þ
Pituitary Mean, Gy 44.4 � 14.0 44.5 � 14.2 w 43.7 � 12.6 43.3 � 12.7 þ
Mandible Mean, Gy 45.5 � 3.2 44.0 � 3.2 þ 46.7 � 3.0 45.1 � 2.9 þ

Abbreviations as in Table 1.

* The symbol “þ” stands for a P value �.05 for which the result is statistically significant, and the symbol “w” stands for a P value >.05.
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became almost constant with more fields; it remained to be
approximately 0.95 even for IMRT and RA. The ratio of the
nearby tissue around bone demonstrated a similar trend as those
around air.

Discussion

Previous investigations assessing the clinical impact of AXB in
non-small cell lung cancer reported lower mean dose in soft tissue

and slightly higher mean dose in low-density lung tissue for 6-MV
beams predicted by AXB compared with AAA. As in the present
investigations, they found no systematic differences related to the
treatment techniques (14). Another analysis in breast treatment
reported a reduction of approximately 1 Gy to the muscle tissue
by using AXB instead of AAA (15). Our results showed that
there was a reduction in the mean PTV doses in tissue and in bone.
It was believed these changes were the result of the AXB’s
improved modeling of the radiation transport in medium. Previous
investigations in heterogeneous phantoms compared with the

Fig. 3. Central axis depth doses estimated in the rectangular phantom with the presence of (a) air and (b) bone, together with dose
profiles estimated in the middle of (c) air and (d) bone, and also at the (e) air/tissue and (f) bone/tissue distal interfaces beyond air/bone
insert by the anisotropic analytical algorithm (AAA) and the Acuros XB algorithm (AXB) for a single small 3 � 15-cm2 field.
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Monte Carlo methods proved that AXB was more accurate than
AAA (8-11).

The dosimetric effect due to air cavity is one of the major
concerns for NPC cases. The AAA assumed independently scaled
depth-directed and lateral components for heterogeneity correc-
tion. The depth-directed component is scaled by taking into
account the radiologic distance between the surface and the point
of interest, whereas the scatter kernel is scaled by calculating the
water equivalent path length radially from the center of the
beamlet. The divergent scatter of heterogeneities from upper
levels was not taken into account correctly. The AXB was able to
describe the interactions of radiation particles with matter on the
basis of approximate numerical methods and performed dose
calculations using the material composition of each voxel derived
from the CT data. Our simple phantom study has shown that AXB
predicts much more secondary build-up and therefore much lower
doses beyond the air/tissue interfaces than AAA along the central
axis from a single small 6-MV beam (9, 10). On the other hand,
the dose profiles predicted by AXB indicated higher out-of-field
doses in air and near air/tissue interface due to the increased
lateral electron transport from the field center. Our phantom study
showed that the effect of dose reduction in air and near air/tissue
interfaces due to secondary build-up near the field center
significantly decreased as the number of fields increased. This is

reflected from the ratios Rair(AAA/AxB) and Rtissue(AAA/AxB). The
ratio Rtissue(AAA/AxB) increased to 0.99 as the number of fields
increased, and Rair(AAA/AxB) was even greater than 1 for IMRT and
RA plans. This is because part of the reduction from each single
field was compensated by the increase in out-of-field doses from
other fields coming from different directions. For IMRT, the
reduction of doses due to re-build-up from one small field segment
would be partly compensated by adjacent segments of the same
field direction. For RA plans, each arc can be considered as
composed of a very large number of static fields.

The dose effect due to bone is another concern in this study.
Our investigation using a rectangular phantom with bone for
a single field showed lower doses predicted by AXB in bone
content. Unlike the dose effect due to air, the dose reduction in
bone only occurred inside the field and was not compensated by
the effect of multiple field directions. Similar to most of the other
model-based algorithms, AAA computed and reported the absor-
bed dose as if it were deposited in water. It used electron density
to scale the dose kernel for photon scatter along the beamlet
direction in heterogeneous media. The AXB calculated dose
considering the elemental composition. Unlike most water-like
tissues in the body, such as muscle and lung, the elemental
composition of compact bone is quite different from that of water.
Previous studies proved that dose calculations neglecting the
elemental composition induced negligible effect in lighter tissue
but not in compact bone (16). Our results found approximately 4%
reduction of minimum doses recalculated by AXB in the bony
content of the PTVs. The bony content contoured in the PTVs
included both soft and compact bones. The amount of dose
reduction in soft bone would be smaller than that of the compact
bone; therefore, the reduction of maximum doses was only
approximately 1%, resulting in less dose homogeneity predicted
by AXB. Dose calculations with the rectangular phantom showed
slightly lower doses to the nearby tissues predicted by AXB. This
might be due to the smaller exit doses from bone and partly
explains the 1% lower mean doses to PTV in tissue.

If oncologists kept using the original dose prescription and
accepting criteria of plan quality when switching from AAA to
AXB, a maximum of up to approximately 4% more radiation
doses would be given to the bony content of the PTVs, because
calculations from AXB would require more radiation output to
produce the same coverage as AAA. Some of the bony structures
were included in the region of heavy tumor burden. There is
a possibility that the local control of the tumor might be improved.
However, this requires further clinical investigations with long-
term follow-up for NPC patients.

Conclusion

The AXB algorithm should be used in preference to AAA for
cases in which PTVs are involved with tissues of highly different
densities, such as NPC.
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