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Introduction: Tumor motion is a challenging issue in radiotherapy, which complicates the process of tumor 
delineation, localization, and dose delivery. External surrogate radiotherapy is one of the available strategies 
that provides motion dataset for a consistent prediction model to track tumor motion using internal-external 
markers. Regarding this, the present study was conducted to investigate the effect of implanted fiducial on 
3D uniform dose distribution.  
Material and Methods: For the purpose of the study, a Monte Carlo code was utilized to simulate clip with 
different dimensions and material structures against four therapeutic beams. Moreover, a combinational clip 
made of golden and covered by polymethyl methacrylate (PMMA) was proposed to be used with lower dose 
perturbation. Finally, it was proposed to implant a clip outside tumor volume at specific distances from tumor 
site to keep dose uniformity on tumor volume. To investigate this issue, the correlation coefficient parameter 
was calculated as the metric among the motion dataset of tumor and clip.  
Results: Based on the results, dose perturbation caused by implanted clip was remarkable at hadron therapy 
depending on its size and material, mainly at the downstream part of the clip.  
Conclusion: As the findings indicated, the golden marker covered with PMMA could remarkably reduce 
dose perturbation. The most important concern in this domain is the presence of a possible correlation 
between tumor motion and motion of the clip implanted outside the tumor volume. The results of the 
correlation coefficient revealed a close relationship between tumor motion and clip motion.  
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Introduction 
External beam radiotherapy (EBRT) is a common 

cancer therapeutic modality that uses a machine to 
deliver a prescribed high dose to the tumor volume 
from outside the patient’s body. The purpose of EBRT 
is to deliver a prescribed dose to planning target 
volume and simultaneously minimize the received 
dose in the nearby healthy tissues. The therapeutic 
beams damage cancer cells and shrink tumor volume 
after each treatment session. In order to reduce side 
effects, the tumor must be delineated accurately in the 
treatment planning process at the initial stage and 
then aligned carefully against the therapeutic beam 
during the dose delivery step. Therefore, a better 
targeting accuracy may yield better treatment quality. 
There are several strategies to enhance targeting 
accuracy in image-guided radiotherapy (IGRT) [1-4].  

Target localization is problematic in the thoracic 
region of the patient body given the tumor motion 
induced by breathing. This movement may increase 
the possibility of dose delivery to the surrounding 
healthy tissue, thereby causing serious side effects. 
Moreover, this motion increases the target definition 
uncertainties and setup errors, resulting in the 
delivery of higher or lower doses to the tumor volume. 

There are several strategies, including direct X-ray 
imaging and external surrogate radiotherapy, to 
enhance the targeting accuracy [1-4]. 

The effect of tumor motion errors can be 
compensated by means of such strategies as breath-
holding [5, 

6], respiratory motion gating [7-9], and real-time 
tumor tracking [10]. The two latter cases required 
real-time information regarding the motion of 
dynamic tumors. Such information can be achieved by 
the installment of some motion monitoring systems at 
the treatment room to track tumor motion. These 
systems are various in performance and range from 
continuous X-ray imaging systems (e.g., fluoroscopy) 
to external surrogate-based technique. The latter 
technique is implemented to minimize the imaging 
dose received by patients in comparison with the 
fluoroscopy-based treatment strategy. In the external 
surrogate radiotherapy, the tracing of tumor motion is 
accomplished on the basis of a correlation between 
the motion information of internal markers implanted 
inside the tumor volume and external surrogates [11-
19]. Therefore, a consistent and reliable correlation 
model should be developed at the pre-treatment stage 
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based on the motion dataset of external surrogates 
and internal markers, known as training dataset. It 
should be noted that the training dataset is gathered 
with the aid of an optical tracking system (for 
detecting external markers location) and stereoscopic 
X-ray imaging (for detecting internal marker location) 
in a synchronized mode.  

     A correlation model configured based on patient 
setup can facilitate the estimation of tumor location 
with an acceptable uncertainty error using the motion 
information provided by external surrogates [20-25]. 
Our recent works involved a comprehensive 
assessment of the performance of various correlation 
models to verify their pros and cons [26-28]. Tumor 
location is also detected alternately during the 
treatment using stereoscopic X-ray imaging for two 
purposes, namely testing the model performance 
accuracy and updating the model parameters.   

In some patients, X-ray images have low 
radiographic contrast failing to specify the typical 
coordinate of the tumor volume. In order to solve this 
issue, some fiducial markers are implanted inside or 
near the tumor volume to properly visualize the 
entity. In this way, marker motion represents tumor 
motion and provides 3D tumor position information. 
Moreover, in some cases, a natural anatomical 
landmark with high-contrast property, such as the rib 
cage bony structure, is represented as an internal 
marker. In the clinical practice of IGRT, fiducial 
markers are implanted to verify tumor location at 
patient setup and during treatment for aligning the 
tumor against the therapeutic beam [29-32]. 

 The main role of a fiducial marker is to provide 
good radiographic visibility in stereoscopic X-rays at 
the patient setup step. The provided dataset at the 
pre-treatment step, known as training dataset, is used 
to learn and construct a correlation model. However, 
the implantation of fiducial inside patient body may 
raise several concerns. This marker should not 
migrate throughout the treatment time and must be 
harmless and nontoxic to patient body. Moreover, 
from medical physicists' point of view, fiducial(s) 
should not perturb the 3D uniform dose, prescribed 
for the tumor volume per irradiation fraction [33].  

Recent investigations have shown that fiducial 
markers can cause perturbation in the planned dose 
[34-44]. This perturbation results from the collision of 
the primary therapeutic beam with an internal marker 
and production of secondary particles, such as 
backscattered electrons. Moreover, the presence of an 
internal marker or clip along the therapeutic beam 
may affect the primary beam energy and result in dose 
uniformity. Therefore, the uniformity of the delivered 
dose is disturbed, while the amount of dose at the 
upstream and downstream of the marker are not the 
same. It should be noted that the amount of dose 
perturbation depends on location, material, geometry, 
and orientation against the therapeutic beam [35,36, 
39]. 

The present study was targeted toward 
investigating comprehensively the effect of implanted 
clip on dose perturbation in conventional 
radiotherapy with photon and electron beams and 
also in hadron therapy with proton and carbon ion 
beams. The significance of dose uniformity, as the 
main objective, in radiotherapy highlights the 
importance of considering the role of implanted clip in 
dose uniformity disturbance. The researchers of the 
current study also proposed the use of a 
combinational clip made by golden material covered 
by PMMA (polymethyl-methacrylate) that may 
remarkably reduce dose perturbation. 

 Moreover, the present study involved the 
investigation of several optimum locations for internal 
clip outside the tumor volume that has not been 
assessed in previous research. To this end, a Monte 
Carlo simulation study was performed to 
quantitatively assess the role of internal clip in 3D 
dose distribution taking into account different 
therapeutic beams. Moreover, a strategy was 
proposed to find an optimum location for the internal 
clip outside the tumor volume using 4D XCAT 
anthropomorphic phantom developed by Dr. WP 
Segars [45]. This phantom can account for the 
respiratory motion of different organs and their 
anatomical details as the function of time. This 
phantom provides accessibility to each internal 
dynamic organ for any desired investigation, such as 
the definition of tumor with any size at any site with 
regard to clip location. Implementation of the same 
assessment in real condition with a real patient is 
impossible. 

In the strategy proposed in this study, dose 
distribution in tumor volume will be kept uniform, 
and the most concern is about the presence of an 
acceptable correlation between tumor motion and clip 
motion implanted outside the tumor volume. In other 
words, the most important issue that must be 
investigated while using this strategy is to ensure 
whether the outside clip can still be a good 
representative of tumor motion. To this end, a typical 
internal clip was simulated at different distances from 
the lung tumors located at various sites using XCAT, 
and the correlation between tumor motion and clip 
motion was quantitatively assessed. 

The results demonstrated that clip implantation 
resulted in a higher perturbation in hadron beams 
than in photon and electron beams. This is due to the 
physical properties of protons and heavy ions 
interactions with the matters of the clip, such as linear 
energy transfer (LET) and Bragg curves energy 
deposition. The use of a combinational golden marker 
covered with PMMA remarkably reduced dose 
perturbation. It should be noted that the use of a 
combinational clip, its mechanical resistance, and its 
contrast at stereoscopic X-ray images remained 
constant. Moreover, our results revealed that 
implanting a clip outside the tumor volume was 
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clinically possible and could be representative of 
dynamic tumors since there was a close correlation 
between tumor motion and clip motion up to a 
specific distance.  

 

Materials and Methods 
FLUKA code  

The simulation of dose distribution in the tumor 
volume was accomplished using the Monte Carlo 
FLUKA code (version 2011) developed by CERN 
(European Organization for Nuclear Research) and 
INFN (Italian National Institute for Nuclear Physics). 
The FLUKA is a validated Monte Carlo simulation 
package for modeling particle transport and interactions 
with a matter. The FLUKA can be used for shield 
design, medical physics, dosimetry calculation, 
calorimetry, detector design, and radiotherapy. 
Moreover, it can simulate many types of particles (about 
60 different particles) in matter with high-accuracy 
interaction and propagation. The FLUKA can also 
simulate very complex geometries through an improved 
version of the well-known combinatorial geometry 
package [46,47]. 
 

Simulation setup 
A golden marker was simulated in a cylindrical 

shape at three small (0.4 mm in diameter), medium (0.8 
mm in diameter), and large (1.2 mm in diameter) 
dimensions. The length of the simulated cylindrical clip 
was 3 mm. It was proposed to reduce the dimension of 
the golden clip and cover it with PMMA material known 
as the combinational clip. This may remarkably reduce a 
possible perturbation caused by the clip. This strategy 
was investigated in our simulation process, and the 
results were compared with one another. Figure 1 
depicts a schematic presentation of the golden clip 
covered by PMMA material. 
 

 
 
Figure 1. Combinational clip and golden marker (inner part) covered 
with PMMA (outer part)  

 
A spherical tumor volume with a 1-cm diameter was 
modeled into a soft tissue cubic shape with a 10*10-cm 
dimension (Figure 2). The materials of the tumor and 
soft tissue were defined according to the International 
Commission on Radiological Protection (ICRP) 
standards [48]. The effect of different markers of 
different dimensions and materials on dose perturbation 
along the clinical therapeutic beams was investigated in 
our simulation process. The obtained results were 
compared with one another and with a condition while 
no marker was utilized as a reference. A schematic 
presentation of this simulation study is illustrated in 
Figure 2. The presence of the marker inside (left side) 
and outside (right side) the spherical tumor volume is 
depicted in Figure 2.  

Four different therapeutic beams were simulated in 
this study. These beams included 6 MV-photon, 10-
MeV electron, 100-MeV proton, and 200-MeV carbon. 
In our simulation setup, the marker was perpendicular to 
the beam central axis. The field size of simulated beams 
was the same as the lateral size of tumor volume for all 
beams. For proton and carbon ion beams, a 1-cm spread-
out Bragg peak (SOBP) was defined to cover the 
longitudinal direction of the tumor in depth. To this end, 
the two types of ridge filters were simulated to give 1 
cm SOBP as a longitudinal flat region. It should be 
noted that the location of the implanted clip was in the 
middle of the generated SOBP. 

  

 
 
Figure 2. A schematic presentation of a typical clip (yellow) inside (left) and outside (right) the tumor volume (green) at normal soft tissue structure 
(red) along the therapeutic beam 
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In order to minimize the statistical uncertainty or 
standard deviation of simulation output and keep it 
within an acceptable range (i.e., <5%), 10×106 particles 
were taken into account at each simulation cycle. It 
should be noted that the simulation process was 
performed using a computer system with a CPU speed 
of 2.13 GHz and 4 gigabytes of RAM.  

 

XCAT phantom and its properties 
As mentioned above, in order to avoid dose 

perturbation, the internal clip was proposed to be 
implanted outside the tumor volume. This practice 
facilitated not only the achievement of the contrast 
required for tumor monitoring but also the maintenance 
of the uniformity parameter of dose distribution onto 
tumor volume. We also assessed the most challenging 
issue of this idea that is the possible correlation of outer 
clip motion with tumor motion.  

To this end, a modeling study was accomplished by 
means of a 4D XCAT anthropomorphic phantom, 
(developed by Dr. Paul Segars at Duke University, 
USA). This validated phantom is commercially 
available for research activities, and the simulation 
results derived from this phantom can be helpful for 
clinical treatment [49-58]. This phantom has been 
developed to simulate the shapes, structures, and 
materials of complex organs in the human body. The 4D 
XCAT phantom also consists of the motion properties of 
dynamic organs, such as the respiratory system [45]. 
This property is highly applicable in our research field, 
especially in tumor tracking radiotherapy. It should be 
noted that the concept of XCAT phantom is based on 
the combination of pixelized and flexible phantoms that 
enables more accurate modeling of dynamic cases [59]. 

The XCAT phantom works using the Spline 
mathematical approach consisting of human anatomy 
and dynamic information of breathing and heartbeat. 

The key point of this phantom is changing functional 
variables that control respiration and heartbeat. 
Therefore, the user is able to generate deformable 4D 
CT models according to the condition of a typical real 
patient organ motion that must be simulated. The main 
controllable options of this phantom are: 1) motion 
pattern option for beating heart only, respiration only, or 
combined mode, 2) maximum diaphragm motion in the 
superior-inferior direction, 3) maximum anterior-
posterior expansion of the chest wall, and 4) anatomical 
characteristics, such as organ size. Figure 3 depicts 
some tomographic images of XCAT phantom with a 
lung tumor at two breathing phases. 

In order to enhance the accuracy of our modeling 
process, the required parameters of XCAT phantom 
were defined according to the motion information of 
real patients. For instance, the first and third options 
were defined according to the breathing information of 
real patients treated with the Cyberknife Synchrony 
System [26].  Table 1 illustrates the use of the 
respiratory motion information of patients for pre-
defined parameters in the anthropomorphic phantom to 
mimic the real respiratory pattern.   

In the XCAT phantom, we defined four lung tumors 
in the left (Ltumor1 and Ltumor2) and right (Rtumor1 
and Rtumor2) sides of the lung region as shown in 
Figure 4. Tumors were assumed to locate behind the 
second and third ribs (Figure 4). 

For each tumor, a fiducial was taken into account 
located at various distances from the tumor for 
measuring the available correlation. It should be noted 
that the parameters of internal dynamic organs located at 
the thorax of this phantom could be varied and also each 
arbitrary clip or tumor could be simply defined at each 
coordinate of desired organs. Accordingly, this 
investigation could not be performed on a real patient.   

 

 
 
Figure 3. Tomography typical images taken from XCAT phantom with defined tumors (red spots) 
 

Table 1. Tunable parameters of XCAT phantom to mimic real respiratory pattern 
 

Maximum anterior-posterior 
expansion of chest wall (cm) 

Maximum diaphragm motion 
(cm) 

Time of respiratory 
period (sec) 

Breathing cycle 
number 

1.2 2 5 1 
0.7 1.7 5 2 
0.5 1.2 4 3 
1.3 2.2 6 4 
1 1.8 5.5 5 
0.5 1 3.5 6 
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Figure 4. Schematic front view of lung region with four left and right tumors (dark spot) and implanted clips (yellow point) defined near the 2nd and 
3rd ribs (Ltumor1: Left tumor behind rib #2, Ltumor2: Left tumor behind rib #3, Rtumor1: Right tumor behind rib #2, Ltumor2: Right tumor behind 
rib #3) 

 
Table 2 shows the distances considered between the 

right/left tumor and implanted clip. To make a 
consistent correlation between tumor and clip motion 
dataset, the correlation coefficient parameter was 
utilized as the mathematical metric tool. The correlation 
coefficient is a proper criterion for determining the 
degree of correlation between two groups of variables, 
calculated as follows: 
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where “ MTR
” is the correlation coefficient between 

clip and tumor, “M” is clip position information, and 
“T” is tumor position information. 

 
Table 2. Distances between markers and defined right and left lung 
tumors 
 

Marker 
number 

Distance between 
marker and left lung 
tumor (mm) 

Distance between 
marker and right 
lung tumor (mm) 

1 2 6 

2 8 12 

3 14 18 

4 20 24 

5 26 30 

6 32 36 

7 38 42 

8 44 48 

9 50 54 

10 56 60 

11 62 66 

12 68 72 

13 74 78 

14 80 84 

15 86 90 

 
Results 

Tables 3 and 4 present the effect of dose perturbation 

by an implanted clip at the downstream and upstream 

parts of the clip position (beam propagation direction, 

shown in Figure 2), respectively. Dose variations were 

compared with the reference condition while no clip was 

utilized. As indicated in Table 3, the maximum dose 

perturbation occurred as a result of implanting a large 

golden marker along the carbon ion therapeutic beam. In 

contrast, the minimum value of dose perturbation was 

observed for the small golden marker using photon as 

the therapeutic beam. To perform this calculation, a 

specific volume with an optimal value of 15.84 mm3 

was assumed around the implanted clip at both 

downstream and upstream sides of the clip, and the dose 

value was calculated in Gy. The use of the PMMA-

golden combinational clip resulted in a remarkable 

decrease in dose perturbation, mainly for the carbon ion 

beam. 

For better illustration, figures 5 and 6 graphically 

represent dose perturbation (increase or decrease) 

caused by the clip with regard to the reference 

condition. In these figures, dose values were normalized 

versus the reference condition where no marker was 

implanted. As seen, the maximum variation belongs to 

the downstream part of the large golden clip (Figure 5). 

For instance, dose distribution variations for proton 

beam are shown in more detail in Table 5. As seen in 

this table, dose distribution is calculated at different 

locations of tumor volume in the depth direction range 

of 6.08-6.92 cm. In this table, the highlighted row 

represents dose value in a location where the clip exists. 

The maximum dose perturbation was close to the clip 

location at both upstream and downstream conditions. 
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Table 3. Dose perturbation caused by implanted clip at different conditions in comparison with reference (highlighted) at the downstream part of 

the clip 

Beam type No clip (Reference) Small golden clip Medium golden clip Large golden clip Combinational clip 

Photon 0.0113 0.0112 0.0111 0.0108 0.0110 

Electron 0.0685 0.0622 0.0502 0.0391 0.0614 

Proton 0.5307 0.5162 0.4337 0.2319 0.5066 

Carbon 2.9113 2.7907 1.7197 0.4924 2.6918 

 

Table 4. Dose perturbation caused by implanted clip at different conditions in comparison with reference (highlighted) at the upstream part of the 
clip 

Beam type No clip (reference) Small golden clip Medium golden clip Large golden clip Combinational clip 

Photon 0.0115 0.0118 0.0121 0.0125 0.0116 

Electron 0.0698 0.0701 0.0710 0.0716 0.0704 

Proton 0.5364 0.5345 0.5348 0.5352 0.5325 

Carbon 2.8204 2.7911 2.8053 2.8005 2.7919 

 

 
Figure 5. Relative dose variations in the downstream part of implanted marker against four therapeutic beams 

 

 
Figure 6. Relative dose variations in the upstream part of implanted marker against four therapeutic beams  

 

 
Table 5. Detailed information of dose perturbation at different locations inside tumor volume at different depths 

 

Depth in tumor No clip (Reference) Small golden clip Medium golden clip Large golden clip Combinational clip 

6.08 – 6.2 0.1450 0.1436 0.1464 0.1451 0.1446 

6.2 – 6.32 0.1477 0.1473 0.1479 0.1475 0.1469 

6.32 – 6.44 0.1490 0.1477 0.1497 0.1480 0.1471 

6.44 – 6.46 

6.46 – 6.48 
6.48 – 6.50 

6.50 – 6.52 

6.52 - 6.54 
6.54 – 6.56 

0.0250 0.0247 0.0252 

0.2608 0.9448 

0.0250 0.0246 

0.4766 0.0499 0.1439 

0.0255 0.0254 

0.0255 0.0254 0.0251 

6.56 – 6.68 0.1498 0.1485 0.1399 0.0964 0.1487 

6.68 – 6.8 0.1466 0.1414 0.1202 0.0605 0.1414 

6.8 – 6.92 0.1443 0.1336 0.1029 0.0466 0.1334 
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As mentioned previously, in order to keep dose 

uniformity, a strategy was proposed to implant clip 

outside the tumor volume; however, the most concern 

was about a possible correlation between tumor and clip 

motions. This correlation was assessed quantitatively 

using the correlation coefficient parameter, and the 

results are reported in Figure 7. Four lung tumors were 

taken into account behind ribs #2 and #3, and 

correlation coefficient parameter was calculated at 

different distances (up to 90 mm) from the lung tumors. 

As illustrated in this figure, correlation coefficient 

behavior is unique for each tumor and depends on its 

site and type. For all tumors, correlation coefficient was 

almost the same and more than 95% up to 10 mm. The 

maximum correlation coefficient variation was observed 

for the right lung tumor behind rib#2 where this value 

reduced to less than 50% while the distance between 

tumor and clip reached 60 mm. In contrast, the 

correlation coefficient was almost superior for the left 

lung tumor up to 50 mm than for other tumors.   

 

 
Figure 7. Correlation coefficient variation in the distances between 

tumor and clip  

 

As illustrated in Figure 7, the correlation coefficient 

was reduced by increasing the distance between the 

tumor and the clip. Since the correlation coefficient was 

remarkably high while the clip was very close to tumor 

location, it is feasible to clinically implement this 

strategy. 
 

Discussion 
Successful radiotherapy involves the delivery of a 

3D uniform dose to the target volume. This will be a 
challenging issue for the tumors that are located in the 
thorax region and move mainly due to respiration. In 
external surrogate radiotherapy, tumor position 
information must be tracked in real-time in order to keep 
dose uniformity. This requires the adoption of additional 
monitoring systems, in combination with external-
internal markers, to estimate tumor motion during 
treatment using a consistent prediction model. In this 
technique, an internal clip is implanted inside or near 
tumor volume and represents tumor position during 

treatment. However, the implanted clip may be 
problematic to keep dose uniformity, depending on its 
size, material, and location. Nonetheless, there are some 
concerns due to clip migration and its toxicity inside the 
patient body. Accordingly, in some cases, natural 
anatomical landmarks, such as the ribs of the 
diaphragm, are taken into account in place of clip 
utilization for tumor motion tracking.   

The present study involved the assessment of the 
role of implanted clip in dose perturbation in 
conventional radiotherapy and hadron therapy. To this 
end, four beams, namely photon, electron, proton, and 
carbon ion, were taken into account as available 
therapeutic beams. In addition, dose perturbation caused 
by implanted clip was simulated inside a typical tumor 
volume, using Monte Carlo FLUKA code. All 
parameters of the simulation process, ranging from 
beam specifications to target parameters for each 
therapeutic beam, were assumed to be very close to 
those of a real treatment condition. Several internal 
markers that were different in size and material were 
considered during our simulation study, and a 
comparative study was performed among the four given 
therapeutic beams. 

Moreover, a strategy was proposed to implant the 
clip outside the tumor volume to keep dose uniformity 
parameter. The most important challenge during the 
implementation of this strategy was whether the clip 
could still be a good representative of tumor motion or 
not. For this aim, an anthropomorphic XCAT phantom 
as a validated phantom was utilized to model the virtual 
situation of dynamic organs. This phantom facilitated 
the simulation of a typical internal clip at different 
distances from several lung tumors located behind the 
left and right ribs. The correlation between tumor 
motion and clip motion was investigated for four lung 
tumors located at different sites. 

Based on the results presented in tables 3 and 4 and 
figures 5 and 6, the highest clip-induced dose 
perturbation was observed while the therapeutic beams 
were carbon ion and proton, respectively. It should be 
noted that dose variation in the upstream part was 
negligible, and the highest variation belonged to the 
downstream part of the clip. For all therapeutic beams, 
the amount of dose perturbation ranged from 4.42% (for 
photon) to 83.08% (for carbon ion using a large golden 
marker). The reason for the observed high dose variation 
for hadron beams is the physical concept of particle 
interaction with matters. For the proton and carbon ion, 
the amount of LET and energy deposition was 
remarkable in comparison to those for the rest of the 
available beams.  

Based on our results, dose perturbation caused by 
implanted clips inside the tumor volume cannot be 
clinically ignored during hadron therapy. Regarding 
this, it is better to find a solution for this issue, such as 
using a smaller clip made of a material with a lower 
atomic number. To this end, in the current study, the 
clips were also simulated with three different sizes and 
the dose variations of each size were measured under the 
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same simulation condition. As seen in tables 3 and 4 and 
figures 5 and 6, dose perturbation was remarkably 
reduced while using a smaller clip for all therapeutic 
beams, compared to that observed for medium and large 
sizes. For instance, with regard to the carbon ion beam, 
this value was obtained as 4.14% and 83.08% for small 
and large clips, respectively. Therefore, a clip with a 
smaller size may yield a treatment with lower dose 
perturbation.  

In the present study, a golden clip covered with 
PMMA with a low atomic number was also considered. 
As illustrated in the 6th columns of tables 3 and 4, the 
use of a combinational golden-PMMA clip resulted in a 
strong reduction in dose variation for all available 
beams. For carbon ion, dose variation was reduced up to 
75.55%, compared to that observed for the golden clip 
of the same size. Therefore, the combinational clip led 
to a remarkable improvement. However, the concerning 
issue while using small and/or combinational clip was 
their sensitivity to mechanical resistance that must be 
considered during clip implantation. 

Considering hadrons, dose perturbation at the 
upstream surface was much lower than that at the 
downstream one. However, this rate was higher for 
photon beams (Figure 6) because of the effect of back-
scattered electron on dose distribution that was 
significant at the upstream part. With regard to other 
therapeutic beams, since the received dose was 
negligible due to back-scattered electron, compared to 
the high dose of therapeutic particles (i.e., electron, 
proton, and carbon ion), dose perturbation was not 
observed at the upstream part. As an example, for the 
large golden marker, this value was obtained as 2.58% 
and 8.69% for electron and photon beams, respectively. 

Based on the results, in order to keep uniformity 
without perturbation, a strategy was proposed to implant 
the clip outside the tumor volume. To do this, four lung 
tumors located behind ribs 2 and 3 were taken into 
account by modeling a typical clip at different distances 
from tumors. These results are illustrated in Figure 7. 
The correlation coefficient was very high while the clip 
was very close to tumor position. In this regard, the 
correlation coefficient was estimated at > 98% when the 
clip was located at a distance of up to 11 mm from 
tumor location. Therefore, the implantation of the clip 
outside the tumor volume may be promising considering 
the reasonable correlation between tumor and clip 
motions.  

The correlation coefficient for each tumor was 
variable while the slope of this parameter was high for 
the right lung tumor behind rib #2. It should be 
considered that the correlation coefficient is unique and 
must be calculated independently for each tumor located 
at different sites in the thorax region of the patient body. 
Future studies are recommended to investigate various 
combinational markers made of different materials. The 
proposed strategy can be tested in real condition 
assuming a natural anatomical landmark (instead of the 
implanted clip) that is located at a specific distance from 
a dynamic tumor so that the correlation coefficient 

between tumor and natural landmark is measured. 
Moreover, it is suggested to consider correlation 
coefficients for further lung and liver tumors located at 
different sites and corresponding internal clips. 

 

Conclusion 
This study involved a comprehensive investigation 

of the effect of implanted clip on dose perturbation in 
conventional radiotherapy and hadron therapy.  Since 
dose uniformity is one of the main objectives in hadron 
therapy, the role of implanted clip(s) on dose uniformity 
is crucial and must be taken into account. To this end, 
FLUKA code was utilized, and dose perturbation, with 
and without the presence of different markers of 
different dimensions and materials, was simulated 
against four therapeutic beams. The results showed that 
the effect of implanted clip on dose distribution was 
remarkable for proton and carbon ion therapy. Finally, 
in order to reduce dose perturbation, a strategy was 
proposed to find an optimum location for fiducial 
outside the tumor using the 4D XCAT anthropomorphic 
phantom. Final results confirmed the feasibility of 
implanting the clip outside tumor volume considering 
the correlation coefficient between tumor and clip 
motions. 
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