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Intensity-modulated radiotherapy (IMRT) involves dose-intensity optimization for inverse planning 
and creates an ideal dose distribution. Optimization calculation is necessary to avoid iterative 
calculation, which is time consuming. This study aimed to prove the theoretical possibility of 
planning IMRT using filtered back projection (FBP).

In a previous study, we created an FBP program using Excel. The program was used for 
image reconstruction to obtain the desired virtual cancer shape, and back projection data were 
obtained during reconstruction. IMR T dose distribution was achieved by transplanting these 
back projection data as beam intensity to the treatment planning system. In the previous study, 
the dose distribution was not evaluated with a quantitative index. Therefore, to evaluate the dose 
distribution of this method through a quantitative index, the projection angles during image 
reconstruction were planned in 18 and 36 directions, and the dose-volume histogram (DVH), 
homogeneity index, and conformity index were compared. The results of the DVH graph of 
projection in 18 and 36 directions confirmed that the larger the projection angle, the higher the 
reproducibility of the original image. Creating a dose distribution with high dose concentration 
was possible. 

At present, IMRT is planned using an optimization algorithm. However, results of the current 
study show that the beam intensities of IMRT can also be determined by processing only the 
image reconstruction using FBP in terms of dose distribution evaluation through quantitative 
indicators.
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1.  Introduction

Intensity-modulated radiation therapy (IMR T) has 
recently become increasingly popular as an advanced 
radiotherapy technique1, 2). IMRT is the advanced form of 
external beam irradiation and can administer dose freely 
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even to targets of complicated shapes. IMRT is expected 
to improve treatment outcomes and better mitigate 
complications compared with conventional external 
irradiation method. However, if treatment planning and 
quality control are not performed properly, the treatment 
outcome may decrease and adverse events will increase3). 
To perform IMR T, inverse planning based on the dose 
constraints of planning target volume (PTV) and organs 
at risk (OAR) is necessary. However, in inverse planning, 
reaching the ideal treatment plan through optimization 
calculation is time consuming4, 5). 

Dose calculation using the filtered back projection 
(FBP) principle was developed for inverse planning of 
early radiotherapy6). The FBP dose calculation method 
has been used to develop an inverse treatment planning 
algorithm for iterative filtered back projection (IFP)7). 
Determining the proper beam intensity is t ime 
consuming7). We devised a method to determine the dose 
intensity as a slit irradiation of the IMR T via only the 
image reconstruction process without calculating the 
dose intensity through a repetitive method. When the 
dose is calculated with treatment planning system (TPS) 
using the dose intensity method created by us, a dose 
distribution with high concentration can be obtained, 
although it is a visual evaluation of only one section8). The 
density is adjusted, but the dose distribution becomes 
nonuniform unless the original image density is manually 
adjusted and the image density is reconstructed during 
FBP processing. Further, another problem is that the 
dose intensity data have to be inputted manually to the 
TPS at the time of transplantation. If this method is 
established, optimization calculation for inverse planning 
can be hastened. 

In the present study, the dose distribution determined 
via our method for dose intensity optimization was 
evaluated through the dose-volume histogram (DVH), 
homogeneity index (HI), and conformity index (CI) of the 
dose distribution for the three-dimensional PTV shapes.

2.  Material and methods

2.1.  Overview of  image reconstruction program
Although the FBP method of our technique has been 
shown earlier, it is discussed in detail here8). In accordance 
with the image reconstruction theory of the FBP method, 
the program for image reconstruction of the original 
image inputted to a cell with a matrix size of 64 × 64 was 
created using Microsoft Excel 2010 (Microsoft, Redmond, 
USA). This program is composed of a Visual Basic for 
Application, which is Excel's programming language. 
Next, a virtual shape of prostate cancer was entered into 
Excel cell as PTV (Fig. 1 a-b). The multileaf collimator 
(MLC) of Linear Accelerator (CLINAC iX) (Varian 
Medical Systems, Palo Alto, USA) has a minimum width 

of 5 mm. PTV was entered assuming that the pixel size is 
also 5 mm square. The primary reason for setting the size 
in the body axis direction to 5 mm is because of the 
limited number of the TPS, which will be described later. 
In addition, this method required 36 ports per slice, and 
as the number of slices increased, the calculation speed of 
the TPS slowed down, and the stability of the software 
declined. 

In this program, calculating with a pixel size of 5 mm 
or less is possible using Excel; the smaller the pixel size, 
the better the reproducibility of the reconstructed image. 
However, in the cur rent  program, the intensity 
modulation data must be transplanted to the TPS as 
described in method 2-2. Beam intensity data are 
expressed using MLC. In addition, the grid size at the 
dose planning stage where intensity modulation was 
implanted to the TPS was set to 4 mm to shorten the 
calculation time. In the FBP method, each cell has the 
concept of  density, and this value is added as the 
projection increases9). 

In this program, the density of the original image was 
calculated as 1. For transplantation to the TPS, negative 
values were cut to the sinogram after filtering dose 
intensity was divided into three-stage intensity back 
projection was performed; and a reconstructed image was 
obtained on the program. The reconstructed image 
obtained through the first reconstruction did not achieve 
a satisfactory dose distribution due to uneven density. 
Therefore, the density adjustment process was modified. 
Thereafter, the reconstructed image was again inputted 
as an original image on the program after concentration 
adjustment, and FBP processing was performed. When 
this density adjustment work was repeated and the 
reconstr ucted image showed a uniform density 
distribution, the back projection data used to acquire the 
reconstructed image were obtained. Two types of 18 
projections and 36 projections were obtained for the back 
projection data. 

2.2.  Transplantation of  back projection data to TPS
First, CT scan was performed on the IMR T dedicated 
phantom R T-3000-New. The photographing conditions 
were as follows: 120 kV X-ray tube voltage, 700 mA tube 
current, 19.57 s photographing time, and 1.25 cm slice 
thickness. 

In the previous study, data were only verified using the 
TPS (Pinnacle 3, Version 8.0 m, Hitachi Medical 
Corporation, Tokyo, Japan). In the present study, data 
were verified using the TPS (XiO, Elekta, Stockholm, 
Sweden) with the aim of confirming whether a good dose 
distribution can be drawn even if the treatment planning 
device is dif ferent.

Phantom data were transferred to the TPS, and a 
virtual prostate shape was outlined at the center of the 
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phantom. After wards, back projection data were 
transplanted to the treatment planning device as intensity 
modula t ion  da ta  obta ined  dur ing  P T V  ima ge 
reconstruction program. However, the maximum number 
of ports that can be used by the TPS XiO is 99, and 
entering 100 ports or more is impossible. As such, we 
planned to input 108 ports using real numbers by using 
the function to divide one port into 3 segments. 

To create a slit using the MLC shape, the linear 
accelerator collimator was rotated 90°, and a slit was 
made via the MLC to achieve intensity modulation. 
Superposition method was used as calculation algorithm, 
and the X-ray energy is 10 MV. The dose at treatment 
planning was set so that the value of D95 was 74 Gy. The 
margin in the body axis direction with PTV by MLC after 
implantation in TPS was set to 5 mm. For jaw opening, we 
set the minimum setting in TPS to 15 cm×15 cm because 
the virtual target size is extremely small. 

2.3.  Quantitative evaluation of  dose distribution 
We quantitatively evaluated the dose distribution through 
this method not only for the dose distribution of only one 
cross-section but also for three-dimensional PTV shape. 
In the case of only one section, the evaluation was aimed 
to confirm the DVH, HI, and CI, which could not be 
evaluated previously. 

The DVH, HI, and CI were calculated for cases in 
which 18 plans were planned for the same PTV and 36 
plans were planned, and the results were compared. 
When planning at 18 por ts, data were collected at 
intervals of 20° with those directly below as 0°. When 
planning at 36 ports, data were collected at intervals of 
10°, with those directly below as 0°. 

3.  Results and discussion

Dose distribution of the 36 port isodose curves at the 

(a)                                          (b) 

 

 

 

 

 

Fig. 1.  
(a) The virtual shape of prostate cancer created by combining a 5-mm side cube into an Excel program. The intersection 
of the bold line center was made the isocenter.
(b) 3 dimensional view of virtual prostate cancer shape in (a).

Fig. 2.  The dose distribution on the TPS as determined through isodose. Curves at the isocenter cross-section in the 
direction of projection angle 36.
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isocenter cross-section is shown in Figure 2. The results 
confirmed that satisfactor y dose distribution can be 
obtained even if the TPS is dif ferent. Therefore, it was 
confirmed that the FBP program normally operates and 
the beam intensity is calculated with the calculation time 
of image reconstruction degree. The same irradiation 
condition and the DVH data of 18 and 36 projections for 
PTV are shown in Figure 3. The DVH data confirmed a 
strong dose concentration in PTV. 

Based on analysis of dose administered via DVH, when 
dose was planned so that the value of D95 would be the 
same for 18 and 36 projections, the average dose to PTV 
was 7713 cGy at 18 ports and was 7741 cGy at 36 ports. 
Although the average dose had almost no dif ference, the 
minimum and maximum doses were higher  by 
approximately 200 cGy at 18 ports (Table 1). Because this 
technique uses the FBP method, superimposition 
irradiation via various MLC shapes becomes possible as 
the number of ports to be irradiated becomes larger, and 
the overlapping of the flux is reduced. Our method also 
shows the HI and the CI, which are factors for evaluating 
dose distribution uniformity in PTV and dose convergence 
(Table 1). 

HI is an indicator of dose uniformity for PTV, which is 
calculated as HI = Dmax/Dmin. The closer the value is to 
1, the higher is the dose uniformity. CI was calculated as 
CI = volume surrounded by prescribed dose in PTV/PTV, 
although many definitions are available. The closer the CI 
is to 1, the better the dose concentration10-11). No significant 
dif ference was found between CI and HI in the projection 
with 18 and 36 directions. However, from the DVH graph 
of the 18 and 36 projections, 36 ports were quantitatively 
confirmed to obtain a better dose distribution compared 

with 18 ports. Creating a dose distribution with high dose 
concentration with a large number of projections was 
thought to be possible. This shows that the intensity 
modulation data of IMR T can be calculated by this 
method without using the conventional optimization 
calculation using the algorithm for dose intensity 
calculation. However, in order to enable high-speed 
rendering of the dose distribution, there are problems of 
manual density treatment and automation of data transfer 
to the treatment planning apparatus. Therefor we need to 
establish the standard density level in this method, and 
make the program to transfer data of dose distribution to 
TPS in the future.

4.  Conclusions

The results of this study confirmed through quantitative 
index that a good dose distribution can be created using 
intensity modulation data of IMR T determined via the 
FBP method. Although this method has several problems, 
such as concentration adjustment and automation of 
transplantation to the TPS, if  it is established, the 
computation time itself is only about reconstruction time 
of CT image. Therefor the tumor that continues to 
change during treatment can be accurately irradiated 
because the calculation time is short. 
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