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Abstract 
Introduction: Field-in-Field (FIF) and Intensity Modulated Radiation Therapy (IMRT) are two ad-
vanced radiation therapy planning techniques. Both of them are being used to achieve the same 
two related aims which are, to expose the targeted tumor to the full radiation dose and to spare 
the nearby normal tissues (or organs) from being exposed to high amounts of radiation more than 
its tolerance dose limits. FIF is a forward planning while IMRT is an inverse planning and FIF is a 
forward IMRT. Aim: The purpose of this study was to compare between Field-in-Field and IMRT 
techniques in prostate cancer radiotherapy. Method: A treatment planning system supporting 
both inverse and forward planning facilities is used. Ten prostate cancer patients were planned 
with both FIF and IMRT planning techniques. Doses received by the Planning Target Volume (PTV) 
and Organs at Risk (OARs) were compared in the two methods quantitatively from Dose Volume 
Histograms (DVHs) and qualitatively from (axial cuts). Results: The results showed that the IMRT 
planning technique achieved better dose coverage to the PTV than the FIF planning technique but, 
except RT and LT Femoral Heads, FIF achieved a better protection to the Rectum and the Bladder 
(OARs) than IMRT. Conclusions: The results showed that the inverse planning based IMRT tech- 
nique is better and recommended in the prostate cancer radiotherapy than the FIF technique. 
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1. Introduction 
Three-dimensional (3D) conformal radiation therapy has been demonstrated to achieve improvement of tumor 
targeting and to reduce normal tissue volume exposed in several malignancies [1] [2]. 

To improve dose distribution, the FIF technique has been used in the treatment of certain cancers. It is a ma-
nually based forward intensity-modulated radiotherapy (forward-IMRT) plan for which the calculated dose is 
adjusted in certain dose distribution areas by designing multiple lower-weighted reduction fields based on the 
main field [3]-[5]. 

Intensity-Modulated Radiation Therapy (IMRT) is a radiation therapy technique in which non-uniform flu-
ence is delivered to the patient from any given direction of the treatment beam to improve the composite dose 
distribution. The treatment criteria for plan optimization are determined by the planner and the optimal intensity 
profiles for a given set of beam directions are specified through “inverse planning” [6] [7]. The intensity files 
thus generated are electronically delivered to the linear accelerator (Linac), which is computer controlled, 
equipped with the required hardware and software to deliver the calculated intensity-modulated beams (IMBs) 
[8]-[10]. 

2. Materials and Methods 
2.1. Acquisition and Simulation 
Ten prostate cancer patients underwent a Computed Tomography (CT) scan with 2 mm slice thickness. All sets 
of CT cuts were transferred to Focal system. Tumor volumes such as gross target volume (GTV), clinical target 
volume (CTV), and planning target volume (PTV) [11] as well as Organs at Risk (OARs) had been delineated 
by the physician on each axial slice, and then CT slices were transferred to the treatment planning system (TPS). 

2.2. Treatment Planning System 
Three-dimensional treatment planning system (TPS) Computerized Medical Systems (CMS) XiO software (re-
lease 4.64) was used to carry out dose calculation for all patients under study by super position algorithm. The 
TPS has both inverse and forward planning facilities. In inverse planning: after the beams are set, the inverse 
IMRT planning facility was used to make an automatic segmentation of all beams using the Multileaf Collima-
tor (MLC). In forward IMRT planning (Field-in-Field (FIF)), the beam parameters were manually adjusted in a 
try and error process to achieve a good dose distribution to the PTV and at the same time to spare the OARs 
from receiving high doses. 

2.3. Beams Arrangement 
The beam arrangement was determined by the size and location of the tumor. Major seven fields with equal 
values of dose were used to plan each patient. In inverse planning, the beams are spread around the target with 
equispace and to avoid the opposing fields an odd numbers of the treatment fields were used. IMRT dose con-
straints for both target and OARs were entered to Xio TPS [12]-[14]. Also some conditions were given to the 
inverse TPS which were the minimum, goal and maximum radiation doses for the target volume, the power and 
weight of each structure. Several trials were taken place by Inverse TPS to achieve the IMRT dose constraints 
and a homogeneous dose distribution [10] [12]. Then FIF technique is used for the same selected patients where 
some of the manually set beams were manually segmented and one or more of sub-fields were set inside the 
main field(s) with small doses aiming to get rid of over doses in the main field(s) and therefore to achieve a ho-
mogeneous dose distribution. 

2.4. Evaluation of the Treatment Plans 
The treatment plans can be qualitatively and quantitatively evaluated by many tools which are already included 
into Xio TPS. In our study, we used two main treatment plan evaluation tools; the visual slice-by slice review of 
the treatment plans using isodose lines distribution as a qualitative evaluation for the treatment plans which is 
important to know the location of the hot and cold areas and review dose distribution to both of the clinical tar-
get and OARs and the Dose Volume Histogram (DVH) was generated to evaluate the dose to the different 
structures in different treatment plans and it can be used as a quantitative evaluation for the treatment plans 
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[15]-[17]. 

3. Results 
3.1. FIF versus IMRT Radiotherapy Planning Techniques in Prostate Tumors 
3.1.1. According to a Qualitative Evaluation Tool (the Axial Cuts and DRRs) 
The next Figure 1 showed colored print screens of two axial cuts and DRRs for every one of ten prostate cancer 
patients planned using FIF (Group (a)) and IMRT (Group (b)) radiotherapy treatment techniques. Figure 1(a) 
and Figure 1(b) showed the dose distribution to the treatment target (PTV), the beams arrangements, some iso-
dose lines and how the OARs are protected from being exposed to high radiation doses in each one of the FIF 
and IMRT techniques. As a qualitative evaluation; from the next figure, it is noted that the IMRT achieved a 
better dose distribution to target of treatment (PTV) than that dose distribution achieved by the FIF. But the FIF 
achieved a better OARs radiation dose sparing than that achieved by the IMRT. 

3.1.2. According to a Quantitative Evaluation Tool (from the DVHs) 
1) For the PTV: 
Table 1 showed the Mean and Standard Deviation (±SD) of volume % of PTV covered with 107% of the total 

prescribed dose (PTV 107%), PTV 95%, PTV 90%, PTV 70%, dose % received by 98% of PTV volume (D 
98%), D 95%, D 50% and D 2% in Method 1 (FIF) and Method 2 (Inverse-IMRT) respectively. It is noticed that 
the Inverse-IMRT achieved higher mean values for the all mentioned PTV related results and achieved lower 
SD values for the same PTV related results than FIF. Figure 2 showed the Mean and SD for the Homogeneity 
Index (HI) of the all above PTV related results in all patients under the study in Method 1 and Method 2, and 
they are (0.197 ± 0.17, 0.147 ± 0.07) respectively, from which we noted that there is no significant difference 
between the two methods. Also Figure 3, Figure 4 showed the Mean and SD of Dose Global Max and Mean 
Dose to PTV in Method 1 and Method 2 which are (98.1 ± 1.75, 100.8 ± 0.45), (101.5 ± 0.97, 104.6 ± 2.54) re-
spectively, where the all Mean values for the two Methods are within the acceptable dose range to the PTV. It is 
noted that there are some big SD values in Method 1 (FIF) which are due to the resulted heterogeneous dose dis-
tribution to the PTV in FIF because of being it so closed to OARs. 

2) For the OARs: 
The next Table 2 showed Mean and Standard Deviation (±SD) of Organs at Risk (Rectum, Bladder and Right 

and Left Femoral Heads) dose parameters for both Inverse-IMRT and FIF techniques respectively in all cases 
under the study. It is noted that FIF achieved a better sparing of both Rectum and Bladder from receiving high 
doses than IMRT and. But for the Right and Left Femoral Heads, the IMRT achieved better protection than FIF. 

4. Discussion 
Being of many international publications studied the use of Inverse-IMRT technique in prostate cancer radiation 
 
Table 1. Mean and Standard Deviation (±SD) of PTV dose parameters for both FIF and Inverse-IMRT.                        

Measured indices from DVH 
(Mean and ±SD) respectively 

Method 1 (FIF) Method 2 (Inverse-IMRT) 

V107 (%) (0.037 ± 0.089) (0.148 ± 0.444) 

V95 (%) (90.89 ± 14.03) (99.56 ± 0.592) 

V90 (%) (96.53 ± 7.151) (99.98 ± 0.054) 

V70 (%) (99.83 ± 0.386) (100.0 ± 0.000) 

D98 (Gy) (91.10 ± 8.221) (97.60 ± 1.280) 

D95 (Gy) (93.00 ± 5.911) (98.51 ± 0.782) 

D50 (Gy) (98.62 ± 1.022) (100.9 ± 0.631) 

D2 (Gy) (101.1 ± 0.797) (103.4 ± 1.246) 
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(a)                                           (b) 

Figure 1. Group (a) and Group (b): Show two axial cuts and DRRs for every one of ten prostate cancer patients showing 
the beams arrangement, the dose distribution covering the PTV and protection of OARs in FIF (Group (a)) and IMRT 
(Group (b)) radiotherapy treatment plans.                                                                      

 

 
Figure 2. Mean and Standard Deviation (±SD) Homoge- 
neity Index (HI) for PTV for IMRT and FIF techniques in 
ten patients with Prostate tumors. Calculation formula: HI 
= (Dose Max. − Dose Min.)/Dose Mean in PTV.                 

 

 
Figure 3. Mean and Standard Deviation for Mean Dose % 
Received by PTV for IMRT and FIF techniques in ten pa- 
tients with Prostate tumors.                            
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Figure 4. Mean and Standard Deviation for Dose Global 
Maximum % Received by PTV for IMRT and FIF tech- 
niques in ten patients with Prostate tumors.                  

 
Table 2. Mean and Standard Deviation (±SD) of Organs at Risk dose parameters for both Inverse-IMRT and FIF.                

OARs Measured indices from DVH 
(Mean and ±SD) respectively 

Method 1 (FIF) Method 2 (Inverse-IMRT) 

Rectum D50% (57.7 ± 28.55) (63.2 ± 26.71) 

 D35% (69.4 ± 26.53) (74.7 ± 20.12) 

 D25% (78.7 ± 23.14) (83.6 ± 12.97) 

 D20% (83.5 ± 20.72) (87.6 ± 10.81) 

 D15% (87.8 ± 17.71) (91.7 ± 8.24) 

 Max. Dose (99.3 ± 2.12) (103.7± 2.83) 

Bladder D50% (43.8 ± 29.33) (52.8 ± 32.12) 

 D35% (57.97 ± 29) (67.3 ± 31.04) 

 D25% (67.8 ± 29.29) (77.9 ± 30.83) 

 D15% (78.9 ± 26.08) (87.0 ± 26.83) 

 Max. Dose (100.3 ± 1.72) (103.5 ± 0.86) 

Right and Left Femoral Heads Aver. D50% (43.2 ± 14.92) (34.6 ± 10.51) 

 Aver Max. Dose (72.6 ± 21.14) (61.1 ± 19.42) 

 
therapy, the lack of the publications that discussed the use of the Field-in-Field (FIF) technique (which is a form 
of the Forward-IMRT) in the prostate cancer radiotherapy was the main reason of choosing the point of this 
study. Also it is worth to be mentioned that we noted that many centers like our centers at which we are work, 
still use the FIF more than they use the IMRT in prostate cancer radiotherapy.  

5. Conclusion 
According to the all previous results, we conclude that the IMRT planning technique achieved better dose cov-
erage to the PTV than the FIF planning technique but except RT and LT Femoral Heads, FIF achieved a better 
protection to the Rectum and the Bladder (OARs) than IMRT. So we conclude and recommend that the IMRT 
technique is better in the prostate cancer radiotherapy than the FIF technique [18]-[22]. 

Limitations 
There are no limitations regarding to the application of this study for treating the prostate cancer patients as long 
as the Inverse-IMRT planning was available. 
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XiO:   Name of three dimensions treatment planning system 
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