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Monte Carlo modeling for the computation of in-field and out-
of-field doses in 3D conformal radiotherapy of breast cancer 

INTRODUCTION 

The rising incidence of breast cancer (BC) 
presents a significant public health challenge globally 
(1). An estimated 2.3 million women were diagnosed 
with BC in 2020, with an overall recurrence rate of 
30%; it accounts for 6.6% of deaths among women 
worldwide (2). In light of this serious situation, it is 
vital to focus on BC diagnosis and treatment options 
(3). Treatment decisions for BC depend on the grade, 
stage, and molecular subtype, which may include 
surgery, radiotherapy, and systemic therapies such as 
chemotherapy and targeted therapy. Radiotherapy 
plays a crucial role in preventing local recurrence of 
breast cancer and enhances the survival rate (4). It is 
administered after breast-conserving surgery or 
mastectomy to target the tumor while protecting 
healthy surrounding tissues. Furthermore, 
advancements in radiotherapy techniques have 
raised the 15-year survival rate for early-stage BC to 
80% (5-6). This underscores the importance of 
minimizing doses to critical organs to reduce the risk 
of secondary cancers. 

Treatment planning systems (TPS) are frequently 
utilized in clinics to calculate doses for target 

volumes and surrounding healthy tissues using 
various algorithms. However, TPSs have a significant 
limitation in determining doses in the out-of-field 
regions (7, 8). Monte Carlo (MC) simulations are an 
emerging technique for accurately assessing 
radiation doses (7-12). These simulations are employed 
to verify the accuracy of clinical treatment planning 
systems for dose calculations. Overall, the MC method 
provides greater accuracy for external photon or 
electron beam radiotherapy plans compared to 
treatment planning systems based on non-stochastic 
algorithms. Non-negligible differences have been 
reported in the results derived from both types of 
algorithms. Several studies have demonstrated that 
current commercial treatment planning systems tend 
to underestimate out-of-field doses (13, 14). Out-of-field 
radiation includes scattering and leakage from the 
accelerator head, leading to inaccuracies in treatment 
planning systems (15, 16). Furthermore, non-stochastic 
algorithms consistently generate inaccurate absorbed 
dose distributions in the presence of small radiation 
fields and areas with large mass density gradients, 
which starkly contrasts with general-purpose MC 
codes (17–21). 

In recent years, the use of MC simulations for the 
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ABSTRACT 

Background: To generate the Monte Carlo (MC) 3D dose distribution in both in-field 
and out-of-field regions for three-dimensional conformal radiotherapy (3DCRT) of 
breast cancer patients and to compare it with the dose calculations from two available 
commercial treatment planning systems (TPS). Material and Methods: The Prowess 
Panther TPS was initially used to create the treatment plan and underwent a 
simulation process using the MCNPX 2.6.0 Monte Carlo code. Dose maps, profiles, 
dose volume histograms (DVHs), and mean doses for organs at risk (OARs) were 
calculated. To evaluate the accuracy of dose calculations, global gamma index analysis 
was conducted to ensure conformity between MC dose calculations and the two TPSs. 
Results: For individual beams, comparing Prowess to MC shows that the gamma 
passing rates (GPR) range from 94.3% to 99.2%, with a GPR of 91.2% for all beams 
combined. In contrast, when comparing RayStation to MC, the GPRs range from 96.0% 
to 99.0%, with a total beam GPR of 94.3%. Regarding out-of-field doses, the two TPSs 
can provide reliable dose calculations only for organs receiving mean doses greater 
than 500-700 cGy. Conclusion: The MC model was benchmarked for 3DCRT plans, 
demonstrating that it could provide accurate MC doses in the in-field area. 
Furthermore, the comparison between MC and TPS doses shows that RayStation 
performs better in the in-field region. Nonetheless, both TPS-based out-of-field 
estimates were unreliable, indicating the importance of utilizing MC methods to 
estimate out-of-field doses. 
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out-of-field region has increased (8, 9, 16, 22-25). 
Assessing the doses received by healthy organs 
outside the treatment field is significantly important, 
as it directly impacts the probability of developing 
secondary cancer. In this context, several researchers 
have examined the radiation dose to a fetus of a 
pregnant mother who has undergone breast 
radiation therapy. The estimated radiation dose from 
the treatment planning system would not be 
accurate, as the fetus is located far from the radiation 
field (26-28). 

In recent years, commercial treatment planning 
systems (TPSs) have been developed with tools that 
leverage fast MC-based algorithms (8). Although their 
calculated dose is not as accurate as that of general-
purpose MC codes, it still represents a significant 
advancement. However, due to their relatively high 
costs, these TPSs are not accessible in many 
clinics. On the other hand, there is a trend toward 
utilizing smaller and highly modulated radiation 
fields to enhance the tumor-to-normal tissue dose 
ratio (8). This approach has spurred significant 
interest in MC treatment planning systems. As 
demand grows and research groups along with 
private companies show more interest in MC 
systems, additional resources will be allocated to 
developing self-contained systems focused on clinical 
applications. To achieve this goal, it will be crucial to 
significantly reduce the prolonged simulation times 
of general-purpose MC codes. The rise of affordable 
massive parallel computing is expected to have a 
major impact in this regard. 

This study aims to validate the accuracy of MC 
modeling of a linear accelerator head for its 
application in 3D conformal radiotherapy (3DCRT) 
for breast cancer. This validation will involve 
comparing the MC results in the in-field region with 
those obtained from two different commercial 
Treatment Planning Systems (TPSs): Prowess 
Panther and RayStation. So far, no articles have 
focused on developing an MC tool for radiotherapy 
based on the MCNPX general-purpose code. 
Furthermore, the MC calculations in this study 
include three components: the upper part of the 
linear accelerator (linac), the lower part of the linac, 
and the computerized tomography (CT) representing 
the patient. This aspect serves as the unique element 
and novelty of this study. Additionally, the study aims 
to quantify the uncertainty in TPS dose calculations 
for out-of-field regions in the same treatment plan. 

 

 

MATERIALS AND METHODS 
 

In this study, a standard 3DCRT treatment plan 
was chosen for a patient with breast cancer. The 
treatment planning was conducted using the Prowess 
Panther Treatment Planning System version 5.50 
(Panther, Prowess Inc., Chico, CA), and dose 
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calculation was performed. The specifications for the 
six beams included in the treatment plan are shown 
in table 1 and figure 1. The treatment plan was 
imported into RayStation TPS (RaySearch Medical 
Laboratories AB, Stockholm, Sweden) for dose 
recalculation using its algorithm. The entire 
treatment plan was simulated using the MC method, 
and MC doses were evaluated and compared with the 
two TPSs. 

Developing the patient-specific phantom using CT 
images 

The voxel model was created using planning CT 
images from a patient with left-sided breast cancer 
who had undergone a lumpectomy and was a 
candidate for 3DCRT. To create a voxel phantom that 
can be read by MC code, an in-house MATLAB code 
was utilized to extract the Hounsfield unit (HU) 
information from CT DICOM files. The HU values were 
then divided into seven ranges, as listed in table 2. 
Each range of HU was assigned an arbitrary non-
repeating value representing the associated material 
composition and physical density. The voxel phantom 
was placed in the simulated geometry so that the 
isocenter point could be accurately positioned at (0 
cm, 0 cm, and 100 cm).  

A useful feature of the created phantom is its 
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Table 1. Beam characteristics of a typical 3D conformal             
radiation therapy (3DCRT) plan for a left breast cancer patient. 

Name 
Medial 
Beam 

Lateral 
Beam 

Supra-
clavicular 

Beam 

Posterior 
Beam 

Medial 
Subfield 

Posterior 
Subfield 

Machine 
AR-

TISTE 
AR-

TISTE 
ARTISTE ARTISTE ARTISTE ARTISTE 

Energy 6 MV * 6 MV * 6 MV * 6 MV * 6 MV * 6 MV * 
Wedge 
Name 

Open 
Field 

Virtual 
Wedge 

Open 
Field 

Open 
Field 

Open 
Field 

Open 
Field 

Wedge 
Orientation 

- Y1 - - - - 

Wedge 
Angle (°) 

- 15.0 - - - - 

Collimator 
(°) 

0.0 90.0 0.0 90.0 0.0 0.0 

Field Size 
(cm) 

19.2 × 
21.5 

21.0 × 
19.0 

17.8 × 6.0 5.5 × 17.5 
7.8 × 
11.5 

11.9 × 
6.0 

Jaw 1 (cm) 
X1:2.6 

X2:16.6 
X1:19.0 
X2:2.0 

X1:9.0  
X2:8.8 

X1:-2.0 
X2:7.5 

X1:2.8 
X2:5.0 

X1:5.7 
X2:6.2 

Jaw 2 (cm) 
Y1:19.5 
Y2:2.0 

Y1:2.5 
Y2:16.5 

Y1:-2.0  
Y2:8.0 

Y1:9.0 
Y2:8.5 

Y1:9.0 
Y2:2.5 

Y1:3.0 
Y2:3.0 

* MV: Mega-Volt 

Figure 1. Beams' eye view of medial (a), lateral (b),                    
supraclavicular (c), posterior (d), medial subfield (e), and           

posterior subfield (f), along with an axial (g), coronal (h), and 
sagittal (i) view of total beams on patient's planning CT              

images. 

 [
 D

O
I:

 1
0.

61
18

6/
ijr

r.
24

.3
.2

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ai
l.i

jr
r.

co
m

 o
n 

20
26

-0
9-

09
 ]

 

                               2 / 8

http://dx.doi.org/10.61186/ijrr.24.3.25
https://mail.ijrr.com/article-1-7235-en.html


ability to assess dose values within a specified 
structure. This is achieved by defining the organs 
according to radiation therapy (RT) structures that 
have been contoured and approved by the oncologist 
in the TPS. With this feature, we can calculate the 
mean doses impacting each OAR of interest. To 
address the issue, SlicerRT, an open-access 3D Slicer 
extension, was utilized to read the DICOM RT 
structure file (29). Then, binary files related to each 
specified structure were extracted into files with the 
*.nrrd format. In the MC simulation, 15 distinct 
structures were assigned different identification 
numbers, referred to as universe numbers in the 
code. Additionally, heterogeneous materials were 
defined for each organ, and the organ density was 
determined based on the average HU values across 
the voxels included in the respective organ. Figure 2 
illustrates the CT images and the voxel phantom, 
showcasing transverse, coronal, and sagittal views.  

Generating secondary PSFs for individual beams 
according to the treatment plan 

Our research group has successfully modeled the 
linear accelerator (Linac) head and scored the 
information of particles exposed from a primary 
source and transported through the plan-
independent part of the Linac head in a phase-space 
file (PSF). This information includes the position, 
direction, and energy of the particles (photons, 
electrons, and positrons). To ensure its accuracy, the 
primary PSF underwent benchmarking by comparing 
results with Linac commissioning data, as described 
in Tug rul et al. (30). Using models of jaws and MLC, the 
primary PSF was utilized to generate secondary PSFs 
located just below the MLC. For a clearer 
understanding of the process, please refer to figure 3. 
The MC simulation was done by MC N-particle 

Transport Code Extended (MCNPX version 2.6.0, Los 
Alamos, USA).  

Applying treatment beams to the patient-specific 
phantom 

According to the treatment plan, secondary PSFs 
were generated for six beams of the typical plan, 
which include medial, lateral, supraclavicular, 
posterior, and two subfields, as shown in figure 4. 
The secondary PSFs were utilized to virtually expose 
the computational patient-specific phantom in the 
direction of the respective beam figure 4. 

Dose calculation: in-field and out-of-field 
In-field: The energy deposition per volume in the 

in-field region was estimated using the mesh tally 
feature of the MCNPX code based on the MC dose 
distribution. To achieve this, a type 3 mesh tally was 
implemented to score the energy deposition per unit 
volume in MeV/cm³. After dividing these values by 
the physical density of each voxel, they were 
converted into MeV/g. Finally, the values were 
transformed into Gray using equation (1). 

 
  
 

Where:  Tally represents the output of the MC code in 
MeV/g, 160.218 × 1010  is a constant coefficient that 
converts MeV/g to cGy, C is the normalization 
coefficient determining the number of particles 
associated with 1 Monitor Unit (MU), and N denotes 
the number of MUs associated with each individual 
beam. 
Out-of-field: To determine the mean doses received 
by OARs located near the edge of the radiation field 
or outside of it, the energy deposition per organ mass 
was scored using the +F6 tallies. A total of 8 × 1011   
particle histories was simulated, resulting in 
statistical errors of less than 0.6%. This indicates that 
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Table 2. The Hounsfield unit (HU) values and densities for 
various materials and tissues. 

Materials and Tissues values HU Density (g/cm3) 
Air -1024 to -942 0.001 

Lung tissue -942 to -212 0.385 
Adipose tissue -212 to -49 0.950 

Soft tissue (Muscles) -49 to 113 1.050 
Spongy bone tissue 113 to 661 1.092 

Compact bone tissue 661 to 1988 1.920 
Enamel 1988 to 3070 2.750 

Figure 2. The CT image of selected patient in axial (a), coronal 
(b), and sagittal (c) views, together with voxel phantom              

created from CT images in the same views, respectively (d-f). 

Figure 3. Process of Monte Carlo simulation of a typical              
treatment plan used in this study was displayed in this figure. 

Figure 4. Dose distributions for the medial beam from Prowess 
Panther (a), RayStation (b) and Monte Carlo (c). 
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the MC dose estimation is sufficiently reliable. 
 

Comparative analysis  
Dose distributions obtained from the Monte Carlo 

(MC) simulations and the two commercial treatment 
planning systems (TPSs) were compared in three 
dimensions using gamma index analysis. The global 
gamma evaluation method was applied with 
acceptance criteria of 3%/3 mm and a dose threshold 
of 10%. Additionally, isodose curves were visually 
compared on selected 2D slices to assess spatial 
agreement. Dose-volume histograms (DVHs) were 
generated and analyzed for the clinical target volume 
(CTV), target nodal regions, and organs at risk 
(OARs), including the ipsilateral lung, left anterior 
descending (LAD) artery, and heart. A two-tailed t-
test was performed to statistically assess the 
differences in calculated dose metrics between 
methods, with p-values computed to determine the 
significance of observed variations. 

 

 

RESULTS 
 

Monte Carlo (MC) simulations were performed for 
a standard 3DCRT plan for a breast cancer patient, 
and the results were compared with dose 
calculations from two treatment planning systems 
(TPSs), Prowess Panther and RayStation. The 
findings are presented in two subsections: in-field 
and out-of-field regions, with quantitative 
comparisons, including statistical significance (p-
values) where applicable. 

 

In-field region 
A comprehensive analysis of dose distributions 

was conducted using isodose maps, dose-volume 
histograms (DVHs), and dose profiles. Figure 4 
illustrates the dose distribution for the medial beam, 
calculated by three distinct systems: Prowess 
Panther (a), RayStation (b), and Monte Carlo 
simulation (c). In all three panels, a computed 
tomography (CT) scan of the thoracic region is 
superimposed, and the dose map is color-coded from 
green (lower dose) to dark red (higher dose). A 
comparative analysis demonstrates that our Monte 
Carlo modeling results in dose distributions within 
the treatment field that closely resemble those 
generated by commercial treatment planning 
systems. This visual concordance of isodose curves 
within the field corroborates the reliability and 
consistency of our simulation in this region. Figure 5 
presents Monte Carlo-based isodose distributions 
across four distinct axial slices (a–d). These slices 
were selected to encompass varying anatomical 
regions, facilitating a comprehensive evaluation of 
relative dose uniformity within the target volume, as 
previously planned. 

To quantify this agreement, gamma index analysis 
(3%/3 mm, global normalization, 10% threshold) 

was performed. As shown in table 3, the gamma 
passing rates (GPRs) for individual beams ranged 
from 94.3% to 99.2% (MC vs. Prowess Panther, 
p<0.001) and from 96.0% to 99.0% (MC vs. 
RayStation, p<0.001). For composite beams, GPRs 
were 91.2% (MC vs. Prowess Panther, p<0.001) and 
94.3% (MC vs. RayStation, p<0.001). Statistical 
analysis (two-tailed t-test) confirmed that while the 
GPRs indicate a high degree of conformity between 
the two datasets, they remain statistically distinct 
(p<0.001 for all comparisons). 

Figure 6 displays the dose-volume histogram 
(DVH) curves for clinical target volumes (CTVs), 
regional lymph nodes (supraclavicular and axillary), 
and organs at risk (OARs: heart, left anterior 
descending artery [LAD], and left lung). While the 
Monte Carlo (MC) and treatment planning system 
(TPS)-derived DVHs showed close alignment, minor 
discrepancies were observed in both target and OAR 
regions. Nevertheless, the overall agreement suggests 
that the MC model demonstrates reasonably good 
consistency with commercial TPS algorithms. 

Figure 7 compares the dose profiles (lateral, 
medial, and composite beams) along a representative 
dashed line, presenting data from MC (dashed line), 
Prowess (solid line), and RayStation (dotted line). The 
discrepancies were most evident in the lateral beam, 
while the medial beam displayed relatively acceptable 
agreement. This divergence likely arises from 
inherent limitations in TPS modeling, particularly as 
the lateral beam traverses a significant portion of 
treatment devices, such as the couch. 
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Figure 5. Monte Carlo dose distributions in four different         
slices. 

Table 3. The global gamma passing rates (GPRs) for individual 
beams and total beams with criteria of 3%/3mm and 10% 

dose threshold. 

Beams 
Global gamma passing rate (%) * 

Monte Carlo vs. TPS 
(Prowess Panther 5.50) 

Monte Carlo vs. 
TPS (RayStation) 

Medial 95.94 96.09 
Lateral 94.33 98.18 

Posterior 98.69 99.00 
Supraclavicular 99.18 96.02 
Medial subfield 98.97 98.93 

Posterior subfield 97.77 98.59 
Total Beams 91.21 94.25 

* For all comparisons, the p-value was less than 0.001. 
** TPS: Treatment Planning System. 
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Figure 6. DVH curves for (a) CTV, (b) supraclavicular nodes, (c) axillary nodes, and (d) OARs including heart, (e) LAD, and (f) left lung. 

Out-of-field region 
In the area beyond the treatment field, the results 

are presented as the mean doses received by the 
OARs. The table outlines the mean doses for 15 
organs located at or near the edge of a field or in the 
out-of-field region. Out-of-field doses to OARs were 
systematically underestimated by both TPSs (table 
4). Prowess Panther underestimated doses by as 
much as 47% (mean: 23.5 ± 10.2%, p<0.001), while 
RayStation exhibited larger deviations (up to 94%, 
mean: 32.1 ± 22.3%, p<0.001). The most significant 

discrepancies occurred in low-density tissues (e.g., 
right kidney: −93.8% for RayStation). 

Figure 8 illustrates the percentage dose 
differences (TPS vs. MC) fitted to exponential decay 
functions (R² = 0.95–0.98). Masked data (gray 
symbols) were excluded from the fitting process. The 
trends emphasize the limitations of TPS in predicting 
peripheral scatter, especially beyond 5 cm from the 
edges of the field (p < 0.001 for distance-dependent 
bias). 
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Table 4. Mean absorbed doses for 15 organs and dose differences between Treatment Planning Systems (TPSs) versus Monte Carlo. 

Organ name 
Mean Dose (cGy) Dose difference (%)* 

Prowess Panther RayStation Monte Carlo 
Prowess Panther vs. 

Monte Carlo 
RayStation vs. 
Monte Carlo 

Right Breast (contralateral) 47.8 46.2 72.4 (0.1%) -33.95 -36.16 
Esophagus 91.4 70.4 108.1 (0.3%) -15.42 -34.85 

Trachea 892.5 939.3 1237.1 (0.2%) -27.86 -24.07 
Thyroid 2248.8 2269.1 2292.6 (0.2%) -1.91 -1.02 

Left Kidney 50.2 39.7 64.3 (0.2%) -21.96 -38.28 
Right Kidney 16.7 1.6 26.0 (0.6%) -35.71 -93.84 

Liver 51.9 35.4 67.7 (0.1%) -23.34 -47.71 
Right Lung (contralateral) 66.5 51.6 81.8 (0.1%) -18.68 -36.90 

Pancreas 61.4 54.5 80.0 (0.2%) -23.23 -31.86 
Spinal Cord 190.8 184.8 301.1 (0.2%) -36.63 -38.62 

Spleen 112.7 111.3 141.7 (0.1%) -20.47 -21.46 
Stomach 119.5 194.9 223.9 (0.1%) -46.63 -12.96 

Heart 655.5 626.2 656.2 (0.0%) -0.11 -4.57 
LAD 4350.4 4231.8 4269.6 (0.2%) 1.89 -0.89 

Left lung 1475.8 1421.1 1474.2 (0.0%) 0.11 -3.60 
*For all dose differences, the p-value was less than 0.001, indicating a statistically significant difference. 
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DISCUSSION 
 

Monte Carlo (MC) simulation codes such as 
Geant4, EGSnrc, and MCNP have become essential in 
medical physics, particularly for radiotherapy dose 
calculations where they serve as the gold standard 
(31). Their advantage lies in their ability to model 
radiation transport accurately through 
heterogeneous media, especially in challenging 
situations involving small fields or tissue interfaces 
(32). Our study utilized MCNPX, acknowledging its 
superior accuracy, despite the fact that it's 50 to 100 
times slower than faster MC codes like EGSnrc. 

Recent advancements by Witte et al. show how 
deep learning can accelerate MC calculations by 82× 
while maintaining 99.6% gamma passing rates 
(2%/2mm), indicating promising routes to mitigate 
the computational burden (33). Likewise, Franciosini 
et al. achieved 200 to 5000× speed improvements 
through GPU acceleration in their FRED software 
while preserving 2% accuracy (31). These 
advancements tackle the main limitation of MC 

methods - their computational intensity - while 
upholding their unmatched accuracy. 

Our findings align with several recent studies 
comparing MC to commercial TPS in-field doses. 
Similar to Lin et al. (34), who found 2-5% differences 
between EGS4/MCSIM and Eclipse AAA for SBRT 
plans, we observed that RayStation showed better 
agreement with MC than Prowess Panther, 
particularly for CTV (2.2% difference) and ipsilateral 
lung (4% difference). The gamma passing rates for 
individual beams exceeded those for composite plans, 
akin to the findings by Goodall et al. in their Monaco 
TPS study (35). Notably, Cheng et al. demonstrated 
how algorithm choice affects accuracy near 
heterogeneities, with AAA showing 15-25% 
overestimations behind metal implants compared to 
DOSXYZnrc MC (36). Our DVH analysis similarly 
revealed a consistent overestimation trend with 
Prowess Panther, emphasizing that different TPS 
algorithms require careful validation against MC 
benchmarks, especially in complex geometries. 

Our most striking findings concern out-of-field 
doses, where both TPS underestimated doses by 47-
94%, particularly for organs such as the right kidney. 
This aligns perfectly with Meyer et al. using TOPAS, 
who emphasized MC's critical role in out-of-field risk 
assessment (37). The exponential increase in TPS 
underestimation with distance from the field edge 
matches observations by Livingstone et al. in their 
EGSnrc validation of VMAT plans (38).  The spinal cord 
and trachea dose anomalies in our data, which 
deviate from the exponential trend, likely result from 
partial volume effects near field edges, mirroring 
findings reported by Zhang et al. in their CNN-based 
dose prediction study (39). Our results confirm that 
current TPS algorithms remain inadequate for out-of-
field dose prediction, leading to potentially dangerous 
underestimates of secondary cancer risks. 

Our study contributes to the growing evidence 
that MC methods should become standard for both 
treatment planning and verification. While 
commercial TPS like RayStation perform reasonably 
well in-field (particularly with advanced algorithms 
like AcurosXB), their out-of-field inaccuracies remain 
clinically significant. The development of fast MC 
implementations suggests that clinical adoption is 
becoming feasible (31, 33). Future work should focus on: 
(1) Implementing AI-accelerated MC engines like T-
MC Net for routine clinical use (40), and (2) 
Establishing MC-based out-of-field dose constraints 
for secondary cancer prevention. Our validation of 
this MC model creates a foundation for developing an 
in-house QA tool that could significantly improve 
3DCRT plan accuracy, particularly for out-of-field 
dose assessment where current TPS fail dramatically. 
Furthermore, we aim to develop a validated Monte 
Carlo model that will subsequently (1) be integrated 
into fast Monte Carlo-based treatment planning 
systems and (2) provide benchmark data for 
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Figure 7. (a) Location of the dose profile line superimposed on 
the patient’s CT image. (b) HU values along the same line  
comparing Monte Carlo, and Treatment Planning System  

calculations (Prowess Panther 5.50, and RayStation). 

Figure 8. The percentage differences in out-of-field doses 
were calculated by TPSs versus Monte Carlo doses. The red 

circle symbol is used for RayStation data, and the green           
cross-line symbol is used for Prowess. The red and green lines 
were fitted to RayStation and Prowess data, respectively. Gray 

symbols were masked data. 
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developing and training AI-driven dose calculation 
algorithms. 

 
 

CONCLUSION 
 

This study validated the Monte Carlo (MC) model 
for the Artiste Siemens linear accelerator in 3D 
conformal radiation therapy (3DCRT) for breast 
cancer. Among the evaluated treatment planning 
systems (TPSs), RayStation showed greater accuracy 
in calculating in-field doses, closely aligning with MC 
results. However, both TPSs had significant 
limitations in estimating out-of-field doses for organs 
receiving less than 500–700 cGy, raising concerns 
about secondary cancer risks. While commercial TPS 
algorithms perform adequately within the treatment 
field, our findings underscore that MC simulations 
remain the gold standard for dose calculations, 
particularly in out-of-field regions. 
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