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Study on the factors affecting the dose error of using I-125 
seeds in the treatment of prostate cancer using the Monte 

Carlo method 

INTRODUCTION 

Prostate cancer is a common primary tumor in 
men worldwide. More than a quarter of a million men 
die of prostate cancer every year (1). Since Pasteau 
first used I-125 for prostate implantation (2), the            
application of I-125 seeds in the treatment of               
prostate cancer has become increasingly common. At 
present, brachytherapy is one of the most common 
treatment options for prostate cancer (3-5). Because of 
its advantage of little effect on surrounding tissues 
and organs and short recovery period, it exerts good 
therapeutic effects on untreated primary tumors,  
important functional tissues that need to be retained, 
and locally advanced tumors. An increasing number 
of patients with prostate cancer are expected to       
receive this treatment in the future (6, 7).  

I-125 is a commonly used radionuclide for              
treatment, with a half-life of 59.4 days, and it is             
produced by the decay of γ photons with an average 
photon energy of 28.37 keV. The radioactive material 
is sealed with biocompatible material. During          

treatment, the treatment planning system (TPS) is 
used to select the number and locations of seed 
source implantation sites, and the radioactive seed 
are implanted into the anterior column gland under 
the guidance of transrectal ultrasound. Based on the 
premise of ensuring the target volume dose coverage, 
the minimal dose is administered to reduce potential 
damage to other organs (8). 

At present, most of the dose calculations obtained 
using the treatment planning system are based on the 
line source calculation model recommended by 
AAPM TG-43U1 (9, 10), which simply adds the dose 
attributed to each source administered to the         
position of interest. However, the actual seed sources 
will influence each other, resulting in a deviation  
between the actual dose and the calculated dose. This 
difference is caused by the interseed attenuation  
effect (11, 12) and tissue heterogeneity (13, 14). The       
interseed attenuation effect is defined as a lower         
actual deposited energy than the calculated value due 
to the mutual blocking between seed sources, mainly 
resulting from substances with a high atomic number, 
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ABSTRACT 

Background: NatuAt present, radioactive seed implantation is a common treatment 
for prostate cancer, the TPS (treatment planning system) calculates the dose by 
adding the dose attributed to each source. However, the interseed attenuation effect 
would result in a difference between the actual dose and the calculated dose. The aim 
of this study was to identify the factors influencing the interseed attenuation effect. 
Materials and Methods: I-125 seed sources were selected, and MC (Monte Carlo) 
method was used to simulate the dose distribution around seed sources. The results 
obtained from the linear addition of a single-source dose were compared with those 
obtained considering the interseed attenuation effect. The effects of the medium, 
source arrangement and source number on the dose were evaluated. Results: The MC 
simulation results for multiple seed sources are lower than those for linear additive 
doses in most areas. In different medium, the mean error caused by interseed 
attenuation effect is the smallest in adipose tissue (0.52%) and the largest in bone 
(1.41%). Taking four sources as examples, the maximum error is 9.34%, appearing in 
the plane where the source is located. The error decreases to 1.3% when the source is 
located 2 mm away from the source plane. The more scattered the sources are in 
space, the smaller the error will be. Conclusions: A high atomic number and high-
density medium will cause a high error. The area with a high error is mainly observed 
in the plane where the sources are located, the edge error of the source distribution 
area is larger.  
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such as silver and titanium, constituting the seed 
source. Tissue heterogeneity refers to the                
phenomenon of calculation error caused by the effect 
of the main components and scattering components 
of the radiation field in an uneven medium (15). 

The dose distribution after seed source                       
implantation is very important. As a dose-result    
related treatment method Accurate calculation of the 
dose distribution is the basis and key to the success 
of the treatment scheme, the dose distribution after 
implantation directly determines the efficacy and the 
severity of complications. Therefore, it is of great  
clinical significance to consider the attenuation of the 
seed source (16). 

Some studies have discussed the effects of various 
factors on the dose of the seed source, Ali proposed 
that the interseed attenuation effect will reduce the 
dose by an average of 6% (17, 18); Amal et al. found that 
the titanium structure of the seed source will          
attenuate the energy by 19% (19); Burns et al. (11)     
simulated the attenuation of the I-125 seed source in 
water and determined that the perturbation effect 
should not be ignored and may cause the isodose 
curve to bend inward. Mason et al. (20) measured the 
attenuation of the I-125 seed source in prostate 
brachytherapy and compared the error when the 
seed source diameter was 0.8 and 0.5 mm, and the 
dose was reduced by as much as 18%. When few seed 
sources were used, the reduction was small. Chibani 
et al. (21) studied the dosimetric effects of anisotropy 
and intermediate attenuation of Pd103 and I-125 
sources in prostate implantation and compared the 
Monte Carlo method, isotropic point source            
dose-kernel superposition (PSKS) and line source 
dose-kernel superposition (LSKS); In the case of four 
seed sources, PSKS overestimated the dose by 4% - 
6% and LSKs overestimated the dose by 2% - 5%. 
The effect of different media on the error has also 
been studied. Carrier et al. (22) discussed the effects of 
the number of seed sources and local heterogeneity 
on the error in the case of two prostate sizes. Tamura 
et al. (23) used PHITS to discuss the effects of                
interspecific attenuation and tissue composition on 
the dose distribution in the prostate. Mobit et al. (12) 
studied the attenuation of 27 uniformly distributed 
seed sources in water, compared the errors of seed 
source spacings of 1.00 cm, 0.75 cm and 0.50 cm, and 
considered that the disturbance error decreased with 
increasing seed source spacing but did not further 
explore different arrangement methods. Recently, 
some studies have also focused on the optimization of 
clinical algorithms. Safigholiden et al. (24) proposed a 
new calculation formula based on artificial                      
intelligence to modify the dose that considers the 
interaction between seeds; Mountris (25) developed a 
Monte Carlo dose optimization algorithm based on 
dose volume histograms. 

At present, the effect of the arrangement of seed 
sources on the calculation error is rarely discussed, 
and studies of the optimization of the dose                  
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calculation method are also very limited and cannot 
be used in the clinic. The innovation of this study is to 
quantitatively analyze the error caused by the             
difference between the interseed attenuation effect of 
the seed source and different media, analyze the          
effect of different factors on the error, and provide 
the layout of the seed source to reduce the error. 
Based on the aforementioned studies, the commonly 
used radioactive I-125 source (26-28) was selected as 
the research object in this study, and the Monte Carlo 
software MCNP5 was used to further evaluate the 
factors influencing the interseed attenuation effect of 
the source to determine the error size of the source in 
different media and the relationship between the 
source arrangement, number and dose perturbation. 
The dose attenuation results of each layer in the case 
of multilayer seed distribution are provided to              
quantitatively analyze the error caused by the           
interseed attenuation effect of the seed source and 
more accurately calculate the dose of the seed source. 
This paper systematically evaluates the interference 
effect of seed source distribution and provides a          
reference from the perspective of reducing the error 
for evaluating the dose distribution of clinical seed 
source implantation radiotherapy. 

 
 

MATERIALS AND METHODS 
 

I-125 seed source 
I-125 seed source (Model 6711) is a commonly 

used clinical radiation source (19, 29-31). The model 
used in this paper is derived the literature (32). It is 
used as a simulation object. The overall length is 4.5 
mm, and the appearance is cylindrical. The internal 
silver wire is a small cylinder with a length of 3.25 
mm and a diameter of 0.5 mm, and I-125 is placed on 
the cylindrical surface of the silver wire. The cladding 
is titanium, the thickness at both ends of the source is 
0.5 mm, and the thickness around the source is 0.05 
mm. The model is shown in figure 1(A). The energy 
and yield of the I-125 source used in the calculation 
are derived from a previous study (33), and details are 
shown in table 1. 

         

Monte Carlo software 
The Monte Carlo method has been widely used              

to analyze the dosimetric characteristics of                       
brachytherapy seed sources (34-37). MCNP5 (Monte 
Carlo N-particle transport5) (38) is a Monte Carlo             
radiation transport program developed by Los               
Alamos National Laboratory that has been proven to 
be able to accurately simulate the dose distribution of 
seed source brachytherapy (9, 20, 39, 40). This study uses 
MCNP5 software for the simulation. 

 

Calculation method 
Simulate the dose distribution of seed source in 

the medium. The dose of I-125 decreases rapidly 
within 1 cm (41), and the effect on the results of the 
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dose calculation at distances greater than 2 cm can be 
ignored (42). Therefore, the dose calculation range is 
set to a cube of 6 cm×6 cm×6 cm, the seed source is 
located in the center of the cube. The proportions of 
material elements used in the simulation are derived 
from the ICRP44 report (43, 44). In the set dose                 
calculation range, * Fmesh card was divided into 1 
mm×1 mm×1 mm grid points, the photon energy  
fluence at the center of each grid point was                      
calculated, and then ‘DEn/DFn’ card was used to  
multiply the mass energy absorption coefficient to 
convert it into dose (45). 

After verification, we determined that the decision 
of whether to track electrons had little effect on the 
calculation results. The results are shown in figure             
1-B, but the calculation time was substantially            
reduced. Therefore, the ‘mode P’ option was used to 
turn off electronic tracking and increase                       
computational efficiency (21), the calculated particle 
number was set to 2×109, and the calculation error 
was less than 5%. This approach reaches the                 
credibility level of the MCNP calculation (46). The           
computing platform used in the present study is     
produced by the China Inspur company. The              
operating system is a quad core 2.3 GHz Intel (R) 
Xeon (R) E5-2696 CPU with 256 GB of                       
Samsung-DDR4 memory. 

Method for comparing perturbation error 
First, the dose distribution of a single seed at             

different position sources was measured using 
MCNP5 and recorded as k1, k2 … ki, and its linear    
superposition value ∑ki was defined as the total dose 
without considering the interseed attenuation effect. 
Then, the dose distribution of all seed sources               
was calculated by performing a Monte Carlo                             
simulation ,and the inhomogeneity and interseed  
attenuation effect caused by other seed sources were 
clearly considered and could be regarded as the         
actual dose value (47) , defined as K. 

The ratio of K and ∑ki is defined as D and is shown 
in equation (2): 

 

D=               (2) 
 

The ratio of K and ∑ki is defined as D and is shown 
in equation (2): 

 

D=                (2) 
 

D is the degree of interaction between seed 
sources. The closer the value is to 1, the smaller the 
error. If the value is larger than 1, the linear                   
superposition result is lower than the actual value 
(Monte Carlo simulation value). If the value is smaller 
than 1, the linear superposition result is higher than 
the actual value. 

At the same time, F is defined as the absolute        
error, which is calculated using equation (3): 

 
             (3) 

 
The average error, MSE (mean-square error) and 

median error of F are used as evaluation indices, and 
MSE is defined using equation (4): 

 
                 (4) 
 

Where n is the number of counted points.  
This paper focuses on the interseed attenuation 

effect caused by I-125 sources, and thus no specific 
dose is provided, and only the error is shown. 

 

Model verification 
In order to verify the correctness of the model, 

different modes of MCNP5 mode P(do not electronic 
tracking), mode P E (electronic tracking), and            
different Monte Carlo software FLUKA (48) and PHITS 
(49) are used to simulate the dose of 0.5, 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10 cm at the center line of the seed source. The 
calculation results of line source equation (5)           
proposed by AAPM- TG43U (9-10) are compared, and 
the results are shown in figure 1(B), ensuring the 
correctness of the simulation. 

 
  (5) 
 

GL is the geometric function, gL is the radial dose 

Gao et al. / Factors contributing to the dose error in the I-125 seed source 859 

A 

B 

Figure 1. Schematic diagram of I-125 seeds, Model 6711 (A) 
and a comparison of the vertical dose obtained using different 

methods for calculating the seed source (B). 

Energy(MeV) 0.0272 0.0275 0.0310 0.0317 0.0355 
Probability 0.406 0.757 0.202 0.044 0.067 

 Table 1. I-125 source energy and yield. 
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function, and F is the anisotropic function. R and Ɵ 
represent the distance between the point of interest 
and the center of the seed source in polar coordinates 
and the angle between the line of the point of interest 
and the center of the seed source and the long axis 
direction of the seed source, respectively. r0, Ɵ0,          
represents the position 1 cm away from the vertical 
axis of the seed source with an angle of 90 degrees. Sk 
is the air kerma intensity, and Λ is the dose rate per 
unit air kerma at the reference point of liquid water. 

 

Simulation of the influencing factors of media 
types 

This study first calculated the dose value of a          
single seed source in different media, compared it 
with the equivalent medium water used by TG43, and                
calculated the relative error to compare the effects of 
different media on the calculation error. 

Then, two parallel seed sources with a distance of 
1 cm were established. The arrangement is shown in 
figure 2(A); one is placed at the (- 0.5, 0, 0) point, and 
the other is placed at the (0.5, 0, 0) point, calculating 
the absolute error F for each counting point caused 
by interseed attenuation effect in different media. 

Simulation of the influence factors of the                
arrangement and the number of sources 

The effects of 16 different arrangements of 2-21 
sources, the same vertical axis, the same straight line 
and multilayer distribution on the dose perturbation 
error were compared. The distance between adjacent 
sources was 1 cm, and the medium was water. 
8. Comparison with the clinical source distribution. 

In clinical treatment, the number of seed sources 
actually used generally ranges from 30 to 100           
according to the actual condition (20,50), but if all seed 
sources are considered, the value exceeds the range 
of seed source interactions and increases the               
calculation time. Therefore, this paper only focuses on 
the seed sources in the range of interaction and              
provides an example of the arrangement of seed 
sources used in the clinic, according to the literature 
(42,50). Ten seed sources were set in the area of interest 
and arranged in three layers: three seed sources in 
the top layer, four in the middle layer and three in the 
lower layer, with a spacing of 1 cm. The specific        
arrangement mode is shown in figure 3 (A) and        
compared with the arrangement mode used in this 
study. 

 
 

RESULTS  

 
Source error in different media  

As shown in the present study, the average errors 
of counting points of bone, muscle, soft tissue and fat 
were 88.55%, 3.52%, 4.62% and 11.42%,                          
respectively, compared with water. Figure 2(B) 
shows the statistical chart of the dose error F of the 
seed source in different media. Figure 2(C) shows the 
average atomic numbers and densities of those             
media. The error of muscle and soft tissue is very 
close, and the error in bone is the largest (1.41%), the 
smallest error is observed in adipose tissue (0.52%), 
and increases in relative atomic mass and density 
gradually increase the error.  

 
Results of simulations using different                         
arrangements 

This study takes four sources and twenty-one 
sources as examples, the square arrangement in the 
same plane, the upper and lower arrangement, the 
same long axis arrangement , the same vertical axis 
arrangement and 21 sources randomly distributed in 
space / evenly distributed in the center are simulated. 
The influence of different source distribution on the 
error is analyzed. Fig. 4(A) shows the 3D spatial               
distribution of D values. Because the source is                  
symmetrically distributed, 1/8 of the data 
(coordinates x<0, y<0, z>0) is removed to show its 
internal distribution. Figure 4(B) shows the error 
histograms of different arrangement modes. 
 

860 

Figure 2. Source distribution diagram (A), absolute error F for 
soft tissue, fat, muscle, water and bone (B) and their average 

atomic numbers and density (C). 
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High error distribution area 
Figure 5(A) shows the error diagrams for 6, 9, and 

16 sources with a multilayer arrangement. As shown 
in figure 5(A), the error attributed to the interseed 
attenuation effect is only larger in the plane where 
the source is located. Figure 5(B) shows the uniform 
arrangement of four sources in the same plane as an 

example and provides the results obtained for seeds 
located 0, 1, 2, and 30 mm away from the plane of the 
source. The error caused by the interaction of 
sources is very small when the source is 1 mm away 
from the plane where the source is located. The             
maximum error is 4.1%, and almost no error is             
observed when the source is 2 mm away, the                 

Gao et al. / Factors contributing to the dose error in the I-125 seed source 861 

Figure 3. Source source distribution mode (A), three-dimensional error (B) of the clinical source and x = 0 plane error (C) of the 
clinical. 

Figure 4. Comparison of different arrangements of 4 sources, 21 sources regularly arranged in an random order (A); 4 sources ar-
ranged in a square on the same plane (a), arranged in two layers (b), arranged in the same long axis (c), arranged in the same verti-

cal axis (d), and evenly arranged in the center (e); and 21 sources randomly distributed in space (f) error histogram (B). 

A B 

Figure 5. Error diagrams for 6, 9, and 16 sources with a multilayer arrangement (A) and the error diagram for 4 sources in the            
Z = 0, 1, 2, and 30 mm plane (B). 

B 
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maximum error is only 1.3%. By comparing the            
distribution of multiple sources in the same plane 
with the error 3D distribution map, the error is  
mainly concentrated in the edge area, and the error 
in the internal area is small. 

 

The effect of the number of different sources on the 
error 

To eliminate the effect of different source             
distributions on the error ,the source distribution 

must remain unchanged when increasing the number 
of sources . The error distribution of 2-6 sources in 
the same vertical axis and the error distribution with 
3, 4, 6 and 9 sources in the same plane are compared. 
Figures 6 (A, B) show the error histograms for 3, 4, 6 
and 9 sources in the same plane and 2, 3, 4, 5, and 6 
sources in the same vertical axis. Figures 6 (D, F) 
show the 3D spatial distributions of D values, figure 6
(C, E) show the distributions of D values in the z=0 
plane. 

862 Int. J. Radiat. Res., Vol. 20 No. 4, October 2022 

  A B 

C 

Figure 6. Error histograms for 2, 3,4, 5, 
and 6 sources arranged in the same            

vertical axis (A); error histograms for 3, 4, 
6 and 9 sources arranged in the same 

plane (B); D values of 3, 4, 6 and 9 sources 
arranged in the same plane (C); the 3D 

spatial distributions of D values of 3, 4, 6 
and 9 sources (D); D values of 2, 3, 4, 5, 
and 6 sources arranged in the plane (E); 

the 3D spatial distributions of D values of 
2, 3, 4, 5, and 6 sources arranged in the 

plane (F). 

Error of clinical source distribution mode 
The error caused by the clinical source                

distribution is shown in figure 3. Figure 3(B) shows 
the three-dimensional spatial distribution of the D 
value, and figure 3(C) shows the distribution of the D 
value in the x=0 plane, the maximum error reaches 
13.17%. 

DISCUSSION 
 

Serhat believed that the dose difference of I-125 
source in prostate tissue and aqueous medium 
ranged from 7.2% to 10.5% (51). Considering the               
content of various tissues of prostate, it was basically 
consistent with the conclusion of this paper. It can be 
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seen that there is a large gap between bon the water 
medium used by TG43, which is one of the main 
sources of error. Moreover, the obvious interseed 
attenuation effect of bone may explain the findings 
reported by Haidari et al. (52) that calcification in the 
prostate will cause dose cold spots. 

Figures 2(B) and 2(C) show that the error                     
distribution is closely related to the position of the 
source. The smallest values are obtained for the three 
error indices when the sources are evenly arranged 
in the same vertical axis, the largest values are                 
obtained when they are arranged in the same line. 
The more scattered the same number of sources are 
in space, the smaller the error caused by their mutual 
disturbance, and the maximum error reaches 

12.7%，Mobit et al. (12) proposed that no difference 

existed in the dose volume histogram between a              
simple superposition model and complete Monte  
Carlo simulation when the source spacing was 1 cm, 
but we thought the error should not be ignored; and 
the error is very similar to the measurement results 
reported by Meigooni and others using thermo              
luminescent dosimetry (TLD). They found that the 
error between the results of the TPS and TLD is            
approximately 10% (17). Stephen et al. studied Pd-103 
sources and found that compared with the seeds 
aligned with the implant angle, the average difference 
of the vertically arranged seed sources in skin dose 
was 4% (53). In this study, the average difference of 
two arrangement modes in I-125 seed source is 
5.64%, which indicates that I-125 seed is more              
affected by angle.  

And when the arrangement mode is the same, 
with the increase of the number of sources, the error 
is not that Carrier et al. (22) think that the                            
perturbation error will increase with the increase of 
the number of seed sources, but will gradually               
stabilize. It is speculated that the first reason is that 
the source doses at different positions complement 
each other, weakening the attenuation effect caused 
by the blocking between different sources. Secondly, 
the reflection effect of the source metal shell to make 
up for the dose loss; Finally, as mentioned above, the 
high error region is mainly in the region far from the 
source, which exceeds the region of interest. 

According to previous studies (17, 21-24), most of the 
results obtained are higher than the actual value 
(Monte Carlo calculation value) based on the linear 
addition, but the dose of linear addition is also lower 
in some areas. There are two main reasons for the 
conjecture. One is the effect of the reflection of the 
outer shell of the seed source, because the reflection 
of the material with high atomic number of the 
source shell is not considered in the linear                     
superposition. The second is the inherent error of 
Monte Carlo calculation. 

At the same time, from figures 3(B, C) , the error 
of clinical source distribution mode is biger than              
uniform source distribution mode, it has much room 
for improvement by considering the error caused by 

the interseed attenuation effect. The future research 
direction is to ensure that this value is as close to the 
real dose as possible by implementing various              
correction factors. 

 
 

CONCLUSIONS 
 

We use the Monte Carlo method to calculate the 
error caused by the mutual disturbance of sources in 
different cases. The number, arrangement and               
medium type of sources affect the error,. The effect of 
source interaction on the unified plane is large, and 
the effect of different levels is very small. The error 
between sources is small, and the error in the edge 
area is large. We hope that the aforementioned               
conclusions will provide guidance for clinical source 
distribution, reduce the calculation error of the              
region of interest and ensure a more accurate dose 
distribution. 
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