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Aim: To compare and analyse the dosimetric parameters between Anisotropic 
Analytical Algorithm (AAA) and Acuros XB (AXB) algorithm in Volumetric 
Modulated Arc Therapy (VMAT) plans for Oesophageal Cancer.

Materials and Methods: Total 30 patients who were treated between the year 
2020 and 2024 in our institute taken for this retrospective study. All the patients 
underwent VMAT treatments with dual Arc using AAA calculation and these 
patients dose plans were calculated using AXB using the same optimization 
parameters. The prescription doses to the target were ranging between 
41.4 Gy to 60 Gy.   The dosimetric comparison between AAA and AXB was 
performed using Planning Target Volume (PTV) coverage, Conformity Index 
(CI), Homogeneity Index (HI) and organ at risk (OAR) doses such as spinal 
cord planning risk volume, dose received by total lung volume of 20 Gy, 10 Gy, 
and 5 Gy (V20, V10, V5) and mean dose to heart. The statistical analysis was 
done using paired sample t-test. 

Results: The mean difference in CI and HI were 0.64 (p<0.001) and 0.10 
(p=0.10 respectively. The mean dose differences between these 2 calculation 
algorithms were insignificant for Spinal cord PRV (MD=0.92 Gy, p=0.62), heart 
mean dose (0.27 Gy (p=0.90)) and total lung doses. The mean difference for 
total lung was 0.16 Gy (p=0.81), and in V20Gy, V10Gy V5Gy were 0.16% 
(p=0.93), 0.58% (p= 0.81), 1.19% (p=0.74) respectively

Conclusion: We observed from the results that the difference in HI, OAR doses 
were insignificant, but difference in the CI showed significant between AAA 
and AXB calculated VMAT plans. AAA overestimates the coverage in PTV 
when compared to AXB. This suggests that appropriate calculation algorithm 
to be chosen for sites having much heterogeneity in tissues surrounding the 
PTV.
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INTRODUCTION

Recent advancements in radiation therapy, particularly 
Volumetric Modulated Arc Therapy (VMAT) and Anisotropic 
Analytical Algorithm (AAA), have significantly improved 
the treatment of oesophageal cancer [1, 2]. VMAT enhanced 
precision and efficiency, optimizing dose delivery while protecting 
healthy tissue. The AAA further refined dose calculation through 
advanced modelling techniques. This comparative study, backed 
by patient data, offers insights into VMAT's optimization and 
the selection of suitable dose calculation algorithms, aiming to 
improve therapeutic outcomes for oesophageal cancer patients 
[3, 4].

The AAA algorithm, acclaimed for its accuracy and prevalent 
utilization in the planning of radiotherapy treatments, presents 
limitations due to its sole dependence on parameters of tissue 
density, consequently neglecting the essential aspect of elemental 
composition [5-7]. This affects its precision in areas with varying 
tissue densities and implanted materials with high atomic 
numbers. In contrast, Acuros XB (AXB) is an advanced algorithm 
that directly solves the linear Boltzmann transport equation, 
offering Monte Carlo-level accuracy more efficiently [8, 9]. AXB 
improves upon AAA by splitting dose calculation into two phases: 
simulating the radiation beam in the accelerator head and then 
computing the dose distribution in the patient. AXB's unique 
feature is its detailed consideration of the elemental composition 
of tissues, aligning voxel geometry with mass density and material 
composition from CT scans. This ensures high accuracy in diverse 
density environments. AXB primarily calculates dose-to-medium, 
but can convert it to dose-to-water, introducing some uncertainty. 
However, dose-to-medium remains preferred for treatment 
evaluation and outcome analysis, with ongoing research into the 
best clinical dose reporting methods [10, 11].

Numerous studies indicated that the Acuros XB (AXB) 
algorithm predicts dose distribution in low-density tissues more 
accurately than the Anisotropic Analytical Algorithm (AAA), 
which tends to overestimate [12-17]. Specifically, AXB showed 
lower mean doses in oesophageal cancer treatments involving 
Rapid Arc, affecting PTV, GTV, and OARs surrounded by low-
density lung tissue. These results suggest AAA might over predict 
doses, influencing tumor control. Similar trends were observed 
in prostate and head and neck cancer treatments. This paper 
presented a detailed comparison of AAA and AXB in VMAT for 
oesophageal cancer, focusing on dosimetric differences that could 
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Fig. 1. Shows the comparison of AAA and AXB calculated VMAT plans for oesophageal cancer displaying the dose colour wash in AXB plans and AAA plans 
in Axial, Sagittal and Coronal views

impact clinical decisions and treatment efficacy [18].

METHODS AND MATERIALS
Patient selection and VMAT planning
After receiving the approval from the Institutional Review Board 
(IRB), Helical CT scan Image data sets of 30 Oesophagus cancer 
patients were selected for this retrospective. Dosimetric study. 
VMAT plan mostly using dual arc optimization was done in the 
Eclipse TPS software (version15.1) (Varian Medical Systems, 
Palo Alto, USA). The VMAT planning was done for most of the 
patients using double arcs except one patient using tripe arc in 
depending upon the complexity of the PTV. The VMAT plans 
were generated using the MLC optimization algorithm called 
Photon Optimizer (PO). 

Plan evaluation

The evaluation of VMAT plans was conducted to compare 
dosimetric outcomes between AAA and AXB calculations. This 

assessment utilized the institutional protocol's dose constraints, 
addressing both PTV coverage criteria and doses to Organs At 
Risk (OAR). In addition to the institutional protocol, the 
Conformity Index (CI), as proposed by Paddick et al., [19] and 
the Homogeneity Index (HI), as defined by ICRU83, were 
employed [20-23].

The Prescription doses were 41.4 Gy, 50 Gy, 50.4 Gy, 55 Gy and 
60 Gy to 15 patients, 12 patients, 1 patient, 1 patient and 1 patient 
respectively. The volume of the PTV varied from maximum of 
755.3 cc to minimum of 186.8 cc with SD of 137.26 cc.  The doses 
to OAR such as Maximum dose to Spinal Cord PRV, total lung 
(V20Gy, V10Gy, V5Gy were the relative volume of total lung receiving 
20 Gy, 10 Gy, 5 Gy respectively), mean dose to total lung, mean 
dose to Heart, were also compared between the AAA and AXB 
calculated VMAT plans.  Statistical analysis was done using 2 
sample t-tests. The VMAT plans were generated following the 
institutional protocol for oesophagus dose constraints (Figure 1). 

The VMAT plans evaluation was done using the Conformity In-
dex (Paddick, 2000) [19]. CI given in Equation (i) as

  (i)

Where TVPIV was the volume of target covered by prescription 
isodose, PIV was the prescription isodose in the total body; TV 
was the Target Volume and the Homogeneity Index (HI) from 
ICRU: Prescribing, Recording, and Reporting Photon-Beam 
Intensity-Modulated Radiation Therapy (IMRT). ICRU Report 
83 (2010) [20].

Given in equation (ii) as

(ii)

Patient plan delivery quality assurance
The VMAT plans of patients were recalculated on the Cheese 
Phantom and the point dose measurement are done using the 
A1SL chamber of volume 0.053 cc (Figure 2). The points in a ho-
mogeneous dose distribution area were chosen for the point dose 
measurement.  The Gamma Pass test was performed with 3% Dose 
Difference (DD) and 3 mm of Distance-To-Agreement (DTA), 
passing rate criteria (3%/3 mm) threshold (Figure 3). The Gamma 
analysis was done using portal dosimetry using amorphous silicon 
(a-Si 1200) MV detector panel (Varian Medical Systems, Palo 
Alto, USA).

Conformity Index (Paddick CI) = 𝑇𝑇𝑇𝑇𝑃𝑃𝑃𝑃𝑃𝑃
2

𝑇𝑇𝑇𝑇×𝑃𝑃𝑃𝑃𝑇𝑇

Homogeneity Index (HI) = (𝐷𝐷2%−𝐷𝐷98%)
𝐷𝐷50%
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Tab. 1. Comparison of critical or-
gans at risk dose statistics

Fig. 2. Shows the Point dose measurement setup using Cheese Phantom along with A1SL chamber in Linear Accelerator

Fig. 3. Gamma analysis (3%/3mm pass criteria) using portal dosimetry

Fig. 4. Percentage deviation of measured dose with AAA and AXB calculated dose

RESULTS
Table 1 compared radiation doses to OAR from VMAT plans us-
ing AAA and AXB, showing no significant differences. The Spi-
nal cord maximum doses differed by -0.49 Gy (SD ± 0.58 Gy), 
with AAA and AXB averaging 34.56 Gy and 34.07 Gy (Figure 

4), respectively (p=0.783). Spinal cord PRV maximum doses also 
showed negligible difference, with a mean of -0.92 Gy (Std ± 1.97 
Gy) and average doses of 37.64 Gy for AAA and 36.72 Gy for 
AXB (p=0.620).

Mean Difference ± Std (Max, Min) AAA Mean ± Std AXB Mean ± Std p-Value

Spinal cord Max -0.49 ± 0.58 (1.56, -1.82) Gy 34.56 ± 6.82 Gy 34.07 ± 6.89 Gy 0.783

Spinal cord PRV 
Max -0.92 ± 1.97 (0.29, -2.34) Gy 37.64 ± 7.19 Gy 36.72 ± 7.03 Gy 0.62

Total lung V20Gy -0.16 ± 0.19 (0.2, -0.64) % 14.93 ± 7.15 % 14.77 ± 7.10 % 0.931

Total lung V10Gy -0.58 ± 0.41 (0, -1.62) % 40.31 ± 9.89 % 39.72 ± 9.73 % 0.818

Total lung V5Gy -1.19 ± 1.09 (-0.1, -5.1) % 56.91 ± 14.36 % 55.72 ± 13.74 % 0.745

Total lung Mean -0.16 ± 0.07 (0.01, -0.27) Gy 10.08 ± 2.57 Gy 9.91 ± 2.53 Gy 0.806

Heart mean -0.27 ± 0.17 (0, -0.54) Gy 13.73 ± 8.57 Gy 13.73 ± 8.41 Gy 0.904
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Fig. 5. Box plot for comparison of doses between AAA and AXB plans a) max dose to spinal cord PRV b) max dose to spinal cord c) total lung mean dose 
d) heart mean dose

When considering lung doses, the total lung V20Gy showed a mean 
difference of -0.16% with a SD of ± 0.19%, and the p value of 0.931 
indicated a non-significant difference between the mean doses of 
14.93% for AAA and 14.77% for AXB. Similarly, the total lung 
V10Gy and V5Gy had mean differences of -0.58% and -1.19%, SD of 
± 0.41% and ± 1.09%, and p-values of 0.818 and 0.745, respec-
tively. These results suggested that the differences in lung doses at 
these volume thresholds were not statistically significant.

In conclusion, the average doses for the lungs and heart demon-
strated marginal differences of -0.16 Gy and -0.27 Gy (Figure 
5), respectively, accompanied by minimal (SD) of ± 0.07 Gy for 
the lungs and ± 0.17 Gy for the heart. The p values for both were 
above 0.8, indicating that the differences observed in the mean 
doses for both OARs between AAA and AXB were not statisti-
cally significant.

The analysis of PTV dose statistics presented in table 2 revealed 
a comparison between 2 calculation algorithms, AAA and AXB. 
The mean dose values for D99% and Mean dose categories indi-
cated a slightly higher dose delivery with the AAA compared to 
AXB, with mean differences of 0.42 Gy and 0.52 Gy, respectively. 
However, these differences were not statistically significant, as re-
flected by the p-values (0.75 and 0.71, respectively), which were 
much higher than the conventional threshold of 0.05 for statisti-

The data presented in table 3 compared the CI and HI of PTV 
coverage in VMAT plans calculated using 2 algorithms: AAA and 
AXB. For the CI, in VMAT plans calculated with AAA showed a 
mean of 0.64 and a SD of 0.14, with values ranging from a maxi-
mum of 0.83 to a minimum of 0.35. Conversely, AXB exhibited 

The results from table 4 indicated a comparison of point dose 
measurements between the measured dose and the TPS calcu-
lated dose. For the AAA algorithm, the point dose deviation was 
reported as 0.49% with a SD of 0.96%, and the range of devia-

cal significance. Conversely, for D95%, Max, and Min dose cat-
egories, AXB showed marginally higher doses, but again, these 
differences were not statistically significant (p-values: 0.81, 0.76, 
and 0.96, respectively). The SDs associated with these measure-
ments suggested a comparable level of variability between the 2 
algorithms. Overall, the data suggested that both AAA and AXB 
delivered similar dose distributions to the PTV, with no signifi-
cant differences observed in this comparison.

a lower mean of 0.41, a higher SD of 0.2, and a broader range of 
values, with the maximum at 0.82 and the minimum at 0.14. The 
p-value for the CI comparison was less than 0.001, indicating a
statistically significant difference between the two algorithms.

tion spanned from a maximum of 2.57% to a minimum of -1.27%. 
Conversely, the AXB algorithm showed a slightly lower mean 
point dose deviation of 0.33%, albeit with a higher SD of 1.27%, 
indicating a broader spread of values (Figure 6). The maximum 

Tab. 2. Comparison of PTV dose 
statistics

Tab. 3. Comparison of conformity 
and homogeneity indices

PTV AAA Mean ± Std Dose 
(Gy)

AXB Mean ± Std Dose 
(Gy)

Mean Difference [Mean ± Std 
(Max, Min)] (Gy) p-Value

D99% 41.94 ± 5.11 41.52 ± 4.91 0.42 ± 0.66 (1, -0.03) 0.75

D95% 43.57 ± 6.9 43.95 ± 5.05 -0.38 ± 5.46 (0.96, -0.29) 0.81

Max 49.64 ± 5.89 50.10 ± 5.79 -0.46 ± 0.88 (-0.02,1.84) 0.76

Min 32.55 ± 7.44 32.65 ± 7.17 -0.11 ± 1.69 (1.99, -0.05) 0.96

Mean 46.64 ± 5.39 46.13 ± 5.32 0.52 ± 0.15 (0.78,0.0) 0.71

AAA [Mean ± Std (Max, Min)] AXB [Mean ± Std (Max, Min)] p-Value

CI 0.64 ± 0.14 (0.83, 0.35) 0.41 ± 0.2 (0.82, 0.14) <0.001

HI 0.10 ± 0.03 (0.17, 0.06) 0.12 ± 0.03 (0.18, 0.07) 0.104
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deviation observed for AXB was 2.12%, while the minimum was -1.92%.

Tab. 4. Comparison of point dose 
measurement

Tab. 5. Comparison of gamma anal-
ysis using portal dosimetry

Point Dose Deviation (%) Measured Dose vs. TPS Calculated Dose [Mean ± Std (Max, Min)]
p-Value

AAA AXB

0.49 ± 0.96 (2.57, -1.27) 0.33 ± 1.27 (2.12, -1.92) 0.579

Fig. 6. Box plot for comparison of total lung doses between AAA and AXB plans a) total lung v20 Gy b) total lung v10 Gy c) total lung v5 Gy

The results from the gamma analysis using portal dosimetry, as 
presented in table 5, showed that both AAA and AXB have dem-
onstrated high levels of agreement with the gamma criteria of 
3%, 3 mm. The mean gamma pass rate for AAA was 98.6% with 
a SD of 0.85% (ranging from 96.7% to 99.8%), while AXB had a 

DISCUSSION
In a study by Rana and colleagues, the clinical dosimetric im-
pacts of AAA and AXB were analysed through Rapid Arc plans 
for prostate cancer patients, confirming a slight variation in PTV 
D95% values (range 0.21%-0.67%) [15]. Similarly, Kan and the 
team observed that AXB calculations for PTV70 in nasopharyn-
geal carcinoma were lower than AAA's, with notable discrepancies 
in bone content doses [17].  

Similarly, from our study, in the comparison of PTV dose statis-
tics between AAA and AXB, the mean doses with SD s are listed, 
along with the mean differences, maximum and minimum values, 
and p values. For D99%, the mean dose is slightly higher for AAA 
than AXB, with a mean difference of 0.42 Gy. The maximum dose 
observed is higher for AXB by 0.46 Gy. Overall, the mean doses 
are comparable, with no significant differences indicated by the p 
values, suggesting similar dose distributions between the 2 meth-
ods.

Similarly, our study showed that in the comparison of PTV dose 
statistics between AAA and AXB, the mean doses with SDs were 

slightly higher mean of 98.8% and a SD of 0.82% (also ranging 
from 96.7% to 99.8%). The p-value, which was 0.292, indicated 
that the difference in performance between AAA and AXB was 
not statistically significant in this analysis.

listed, along with the mean differences, maximum and minimum 
values, and p values. For D99%, the mean dose was slightly higher 
for AAA than for AXB, with a mean difference of 0.42 Gy. The 
maximum dose observed was higher for AXB by 0.46 Gy. Overall, 
the mean doses were comparable, with no significant differences 
indicated by the p values, suggesting similar dose distributions be-
tween the 2 algorithms.

Fogliata's research corroborates this, noting minimal differences in 
lung volume dose calculations between AXB and AAA [21-24].  
From our study, the data presented on comparison of dose statis-
tics for OARs using 2 different calculation algorithms, AAA and 
AXB, the mean differences in doses are minimal, with the largest 
observed in the total lung V5Gy at -1.19 ± 1.09%. The spinal cord 
maximum dose shows a slight reduction in the AXB mean com-
pared to AAA, but this difference is not statistically significant, as 
indicated by the p values which are all well above 0.05. 

Han's research found good agreement between AAA and AXB 
dose calculations with RPC lung phantom measurements, attrib-
uting the minor discrepancies to AXB's more accurate lung tissue 
heterogeneity modelling, a finding echoed by other studies and 

Point Dose Deviation (%) Measured Dose vs. TPS Calculated Dose [Mean ± Std (Max, Min)]
p-Value

AAA AXB

0.49 ± 0.96 (2.57, -1.27) 0.33 ± 1.27 (2.12, -1.92) 0.579



6 −

©Oncology and Radiotherapy 18(10) 2024: 001-007

highlighted by Robinson's demonstration of AAA's overestima-
tion at heterogeneity interfaces [25-27].   In our study, overall, the 
results suggested comparable performance between the 2 algo-
rithms in terms of OARs dose.

The p-value, which assesses the statistical significance of the differ-
ence between the 2 sets of point dose measurements, is 0.579. This 
suggested that there were no statistically significant differences in 
the deviations. The measured point dose agreement with the cal-
culated point doses by AAA and AXB algorithms was consistent. 
Therefore, both algorithms demonstrated a similar level of accu-
racy in point dose measurement compared to the TPS-calculated 
dose.

The gamma analysis results showed a high level of consistency be-
tween the AAA and AXB dosimetry systems, with both meeting 
the gamma criteria effectively.  The p value exceeded 0.05, which 
statistically indicated that the difference in their performance was 
not significant.

CONCLUSION
We observed from the results that the difference in HI, and OAR 
doses was insignificant, but the difference in the CI showed sig-
nificance between AAA and AXB calculated VMAT plans. AAA 
overestimates the coverage in PTV when compared to AXB. This 
suggested that an appropriate calculation algorithm to be chosen 
for sites having much heterogeneity in tissues surrounding the 
PTV. This study could be further extended by performing in-vivo 
dosimetry in heterogeneous phantoms such as the Quasar Phan-
tom and the thorax region in the Rando Phantom. 
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