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Abstract  
This study sought to compare the dosimetric coverage of the planning target volume and dose 
delivered to the organs at risk in 3-, 4-, 5-, 6-field techniques of 3Dimensional Conformal 
Radiation Therapy (3DCRT) in patients with localised prostate cancer. The aim was to 
determine the most effective technique for sparing the rectum, bladder and femoral head while 
keeping adequate dose coverage of the planning target volume. In this study, 24 patients with 
prostate cancer already treated using 4-field technique underwent 3-, 5- and 6-field planning. 
Plans were generated on eclipse treatment planning system using AAA algorithm and at 
machine energy 6MV or 10MV. The PTV was defined as prostate gland with 10mm margins 
around clinical target volume. CTV is prostate gland except for the posterior margin (prostate 
gland anterior part where the rectum wall where 5mm margin is applied). For each patient 
OAR were outlined, rectum, bladder, right femoral head. ANOVA statistical methods were 
used to verify the significance of different between the treatment plans and all 4 plans differed 
slightly in measured parameters and none of them have statistically significant differences. In 
comparison to four-field technique, the five- and six-field technique resulted in improved dose 
conformity and heterogeneity. However, the difference was not very statistically significant. 
The three-field technique provides the best rectal sparing and none of the techniques has shown 
significant differences in bladder protection. 

Keywords: 3dimensional conformal radiation therapy (3DCRT), dosimetric, prostate 
cancer, field technique 

Background   
Prostate cancer is one of the cancers killing men world-wide and is the most common 
cancer that affects men (Mofolo et al., 2015). According to Borok et al. (2012) and 
Katsadza (2016), prostate cancer is the most highly diagnosed malignancy in men in 
Zimbabwe. The incidence of prostate cancer in Zimbabwe has increased from 13.49% 
to 19.7% since 2012 and, as Chokunonga et al. (2017) report, the prevalence of prostate 
cancer increased from 8% in 1989 to 16% in 2017, and an average of 5 000 to 7 000 men 
are diagnosed each year. These statistics indicate that prostate cancer is a public health 
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concern in men in Zimbabwe. Currently, three radiation therapy facilities are available 
in Harare and Bulawayo to treat the malignancy. 

The American National Cancer Institute (2016) recommends the following treatment 
options of prostate cancer: watchful waiting, surgery, chemotherapy, 
radiopharmaceuticals, hormone therapy and radiation therapy. Prostate cancer 
radiation therapy can be delivered either externally through (IMRT)and (3DCRT) or 
internally in the form of brachytherapy which can be used alone as or as an adjuvant 
to external radiotherapy in the boost form (Hanks, 2003). 

In first world countries, IMRT is now the most used in prostate cancer radiotherapy. 
This highly specialised technique yields better results than does 3DCRT especially in 
sparing of organs at risk. However, this technique cannot be used universally due to 
unavailability of adequate equipment, organisation or patient status (Ashman, 2005). 
The Iran Journal of Radiology (2012, December 12) highlights that, in the developing 
world, the 3DCRT is an increasing command technique in the treatment of early 
prostate carcinoma in spite of its evident limitation when compared to highly 
modulated techniques such as IMRT and VMAT.  

It is important to note that the optimal choice of beam configurations in 3DCRT 
remains unclear. The number of beams and their orientation vary from department to 
department since each technique has its own pros and cons. The simplest technique 
used in 3DCRT seems to be the three-field technique. Simmonds (2012) outlined that 
a three-field technique either with one anterior and two posterior oblique fields at 120 
degrees to each other or one anterior and two wedged lateral fields which has a sharp 
rectal cut off in dose can be used. The four-field box technique with parallel opposed 
AP-PA fields and two lateral opposed fields achieves better dose distribution in terms 
of tumour coverage and a relatively reduced dose to the normal tissues. In other 
modern countries sophisticated techniques with 5- and 6-fields have become of 
standard use in the 3DCRT treatment of the prostate. 

The four-field box technique with two laterals and AP-PA is the most used at 
Parirenyatwa Hospital. However, studies to determine which one provides the most 
coverage to the treatment volume whilst sparing the normal tissues have never been 
done locally. It is against this background that the present study was designed to 
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compare four 3DCRT radiation therapy treatment plan techniques and evaluate which 
of them is the best in clinical routine. 

Objectives 
To analyse and compare the dose volume relationships of the target volume and its 
organs at risk in three-, four-, five-, six-field techniques in 3DCRT external beam 
radiotherapy of the prostate. 

Specific objectives 
v To assess the homogeneity of dose distribution in PTV. 
v To determine the most effective technique by computing the conformity 

index for each plan. 
v To evaluate the mean target dose delivered to the PTV. 
v To evaluate the mean target dose delivered to the organs at risk. 

Method 
In this research, 24 patients with prostate cancer already treated using 4-field 
technique underwent three-, five- and six-field planning. Plans were generated on 
eclipse treatment planning system using AAA algorithm and at machine energy 6 
megavoltage or 10 megavoltage. The study subjects were derived from histological 
proven prostate cancer patients treated at Parirenyatwa radiotherapy department 
from January to December 2017. The department was using external beam 
radiotherapy of the prostate four-field technique. The researcher employed purposive 
sampling when selecting participants and a single proportion formula   n= z2 p (100- 
P) / ε2 was used to calculate the sample size. The 24 prostate cancer patients were 
enrolled into this comparative planning study. All patients were already treated using 
the four-field box techniques with beam angles 0, 90, 180 and 270. The researcher 
constructed and optimised 96 plans for the various techniques with the beam angles 
orientation illustrated in Table 1. 

Table 1: Beam angles orientation 
Radiotherapy technique  Beam angles orientation in degrees  
Three field  0, 120, 240  
Five field  0, 90, 110, 250, 270 
Six field  45, 90,135,225,270,315 
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The study used all the original CT scans of selected patients. For each patient, the 
organs at risk were contoured, namely the bladder, right femoral head and rectum. 
The plans were shaped at beams eye view to encompass the PTV shape using multi-
leaf collimators. In addition, wedges were used to modify dose in treatment plan and 
to perform dose homogeneity in the PTV. The radiotherapy was planned using the 
eclipse planning system.  Each treatment plan was generated using AAA algorithm 
and 6MV or 10 MV photon beams on a linear acceleration. 

All plans were considered acceptable if they satisfied dose guidelines 
recommendations by the RTOG protocol. Plans were assessed first by visual 
inspection of dose distributions and then by analysis of DVH parameters to evaluate 
performance of each technique. ANOVA statistical analysis was used to compile the 
mean of the different measurements of plans. A p value of < 0,05 was considered to 
be significant in the various comparisons. 

The following parameters were compared in the organs at risk and the target volume:  

1)  Target volume  

v Mean dose D 95%, D 99%, D1%  
v Conformity index 
v Homogeneity Index 

2)  Organs at risk  
v Mean dose  

- Rectum V50, V70 
- bladder and V50, V 70 
- femoral head V70 

Based on recommendations of the ICRU report 83 and several clinical studies, special 
conformal indices were used to describe dose distribution in PTV. To assess the 
homogeneity of dose distribution in the PTV, a homogeneity index is to be defined as 
HI = Dmax / Dmean.  The lower (closer to 0) the HI, the better is the dose 
homogeneity.  Also, to facilitate the comparison of the various treatment plans, the 
RTOG conformity index (CI) was calculated: CI =   PTV /TV where   CI = 1 
corresponds to ideal conformation. A CI > 1 indicates that the irradiated volume is 
greater than the target volume and includes healthy tissues. A CI < 1 indicates that the 
target volume is only partially irradiated.   
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All dosimetric parameters were appraised qualitatively and quantitatively using 
standard dose volume coverage, dose homogeneity and dose conformity. PTV 
coverage was evaluated with D min, D mean and max dose to PTV. ANOVA statistical 
analysis was used to compile the mean of the different measurements of plans. A p 
value of < 0,05 was considered to be significant in the various comparisons. Normal 
tissue avoidance of OAR (bladder, femur, rectum) was evaluated with V50, V70 for 
rectum, V50, V70 for bladder, V50 for femur. 

The research was performed according to the Declaration of Helsinki principles. The 
World Medical Association (WMA) developed the Declaration of Helsinki in 1964 as 
a statement of ethical principles for medical research involving human subjects, 
including research on identifiable human material and data. To fulfil the demands of 
the Helsinki principles, the researcher sought approval from radiotherapy department 
Chief Physicist and Clinical Director Parirenyatwa Hospital to use the TPS in the 
department before the actual project began. In this particular research confidentiality 
of patient information for anonymity was ensured.  

Results  
In a clinical setting, the PTV coverage is a major optimisation objective. The goal of 
radiotherapy is to give maximum dose to the tumour whilst sparing the surrounding 
normal tissue. In this clinical research, the following results were found. 

Target volume coverage 
In prostate radiotherapy, the goal is to give 100% of dose to 95% of the PTV. Plans 
were acceptable if they achieve this objective. No plan was acknowledged with a hot 
spot along the rectal or bladder walls as these areas receive substantial dose. All dose 
constraints according to PTV coverage were similarly achieved by all plans. 
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Figure 1: Dose distributions along sagittal planes 

The 6-field technique followed by 5-field technique showed efficient and noteworthy 
improvement in terms of target coverage and homogeneity compared to other 
techniques. With less hot spot and high dose conformity in the target volume confirms 
a better 3D dose distribution in the PTV using 6-field technique. 

The maximum, mean and minimum doses were calculated and analysed for each 
patient. The PTV received not more than 107 % of the prescribed dose. The PTV was 
assessed using the minimum, maximum and mean doses. Values were recorded in a 
table in appendix section. Maximum doses for 3-field, 4-field, 5-field, 6-field were 
105,3   +-/- 1.7, 105,8 +/- 0, 106,2 +/- 0,7 and 106,8 +/- 0,4 respectively and is not 
statistically significant. 

Comparison of dosimetric parameters 

Table 2: Mean values of conformity and homogeneity indices 

 3F 4F 5F 6F P value  
CI 0,96+-0.03 0,96+-0,05 0,97+-0,03 0,98+-0,01 0,041 
HI 1,20+-0,04  1,16+-0,02 1,10+-0,02 1,02+-0,03 0,025 

 

Conformity index 
In this study, CI exposed comparable results within the techniques p value =0,041. The 
3-field technique showed inferior confirmation with a value of 0,96+- 0,03. The 6-field 
technique achieved a high value of CI 0,98 +- 0,01 compared to the other techniques. 
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The 6-field technique gives considerable improvement of dose conformity to PTV with 
higher value of CI than other fields almost near to the ideal CI which is 1. 

Homogeneity index 
The HI values were all greater than 1. The 6-field technique had the best homogeneity 
compared to all the other plans as the number of beams were reduced from 6 to 3. The 
HI value increased and; hence, the 3-field technique is the least homogenous. 

Normal tissue sparing 
We analysed the volume dose parameters of the rectum and bladder. The 3 F plan 
achieved a superior sparing of the rectum but statistically insignificant (p values   0,3 
0,2 0,4). 

 

 

 Table 3: Comparison of mean values for all evaluated plans 
Parameter  3F 4F 5F 6F Statistical 

significance  
Rectum  
V50 
 
V70 
 

25+/-3% 
 
 
16+/-2% 

24 +/-1% 
 
 
13+/-2% 

22+/-3% 
 
 
12+/-1% 

21+/-2% 
 
 
11+/-2% 

No 
 
 
No  

Bladder 
V 50 
 
V70  
 

28+/-1% 
 
 
17+/-2% 

30+/-3% 
 
 
17+/-1% 

29+/-2% 
 
 
18+/-3% 

27+/-3% 
 
 
19+/-1% 

No  
 
 
 
No  

Femur  
V50  

14+/-1% 13+-2% 16+/-3% 15+/-2% No  
 
 

 

Normal tissue sparing 
The researcher analysed the volume dose parameters of the rectum and bladder. The 
3 F plan achieved a superior sparing of the rectum but statistically insignificant (p 
values   0,3 0,2 0,4). 

Discussion  
Implementation of 3DCRT gives opportunity to improve results of localised prostate 
cancer treatment. An important goal of 3DCRT is to enhance the local control by 
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increasing radiation dose to target volume without significant increase of treatment 
toxicity or even, in some cases, its reduction. 

The present work aimed to assess the potential benefits and limitations of four 3DCRT 
techniques in treatment of prostate cancer. The four techniques for prostate cancer 
treatment included in this comparison make use of photon beams only. They also have 
a relatively easy handling advantage with respect to more sophisticated techniques 
used in the developed world such as IMRT and VMAT. 

PTV coverage 
All dose constraints were achieved regarding PTV coverage. When inhomogeneity is 
present, it is important to discriminate between underdosing and overdosing. If under 
dosing is observed, known magnitude, location and volume of low dose region is 
required. A modest number of cold spots with low moderate dose may not reduce 
tumour response or tumour control probability. The sagittal, transverse and 
longitudinal view of the plans assisted in determining location of hot spots or cold 
spots. The regions receiving lower doses were very small and were predominantly 
located on the anterior portion of the external iliac nodal region, an area with a low 
probability of tumour involvement. Hot spots within the PTV were checked to make 
sure the location out of some normal structures (i.e., sacral plexus) that are associated 
with toxicity (Niemierlo, 2000). 

Comparison of dosimetric parameters 
Homogeneity and conformity indices are important tools to use when evaluating the 
quality of a plan. This research showed that the 6-field plan had the most conformity 
and achieved homogeneity better than the 3- and 4-field plans.  The 5-field plan had 
inferior quality to the 6-field technique but the difference was insignificant.  

 The 5-field can also achieve better conformity and homogeneity. Vaedezzah (2012) 
made the general observation that the conformity index and homogeneity index 
would be better in plans with more beams than those with few. 

Michael (2014) found that a target volume HI   ≤ 1.04 to be associated with more 
favorable rectal doses at clinically relevant dose-levels without compromising dose to 
the PTV. There was no statistically significant correlation between decreasing HI and 
bladder dose. It’s advisable to carry out dosimetric studies investigating a possible 
correlation of HI with dose to OAR in prostate cancer. The bladder and rectum are 
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dose limiting structures and this analysis is very important in prostate cancer 
treatment planning. The conformity index is used to evaluate the clinical 
authentication of better treatment. Improved CI may be helpful in delivering high 
doses to PTV without delivering more dose to normal surrounding tissues (Paddick, 
2006). In this study, 5-field and 6-field have better conformity and these results are 
consistent with (Vaezzedah et al., 2012) findings. 

Luxton (2004) postulates that it is always desirable in conformal radiotherapy 
treatment to shape the prescribed isodose volume perfectly around the PTV to achieve 
the CI of 1,0 but because of irregular shapes of PTV, close proximity of critical organs 
and inadequacy of field shaping such as MLC leaf width and MLC transmission make 
it difficult to be achieved practically. 

Normal tissue sparing 

a) Rectum 
It is generally agreed that the most dose limiting OAR in prostate radiotherapy is the 
rectum. Rectal side effects mainly limit the dose escalation in radiotherapy of prostate 
cancer therefore each plan should be precisely evaluated according to dose received. 
However, there is insufficient data to allow estimation of tolerance dose. 

In this particular study the results from our analysis indicate that the 3-field technique 
spared the rectum more than others. The data also indicates that the technique that 
has the worst sparing of rectum was the 4-field technique. According to (Dobbs, 2005), 
a four-field technique with wedged lateral beams may spare more normal rectum, and 
four or six coplanar beam arrangements may reduce doses to the OAR further. 
According to Marsh et al, 2005), when using the four-field technique, it was found out 
that this technique when using lateral and anterior inferior oblique often improves 
rectal DVH compared with axial plans that were used for the four-field technique in 
this particular study. On the other hand, Khoo et al. (2008) indicate that the 3-field 
plans angles 0, 90, 270 would allow to archive the greatest rectal sparing. In agreement, 
Micheal (2014) states that the 3 field spares the rectum more. In contrast, Neal et al. 
concluded that the 4-box technique provided the best rectal sparing compared to the 
3-field technique.  The reason for this discrepancy could be due to the fact that the 3-
field technique evaluated by Neil et al. 20 applied beam angles of (04, 110, 250) which 
are inferior to 3field technique with angles (0,120,240) and 0,90 ,270. 
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In another study, Emami (2001) found out that the 3-field technique offered more 
sparing effect than 4-field technique, however it is important to note that at higher 
energies at 20mv the effect is greater, with 6mv the sparing effect is there but minor. 
It is worth considering choosing the right energy when doing treatment plans. 

Ashman et al. (2005) found out that the 5-field and 6-field techniques which use 
posterior obloquies deliver low mean dose to the rectum. 

It is worth mentioning that quite a number of rectal toxicity studies have been done to 
compare 3DCRT, VMAT, IMRT in prostate radiotherapy. Zelefsky, (2002) reported 
that VMAT results in slightly better rectal sparing whereas. Luxton   et al. (2004) found 
that VMAT and IMRT provide similar DVH and spare the rectum more than 3DCRT. 
In conclusion, its worth considering advanced techniques in prostate cancer treatment 
in the near future. 

b) Bladder 
Generally, none of the analysed techniques indicated the advantages and 
disadvantages in a sparing effect of the bladder although these techniques were 
comparable. Results from a study done in Iran on the dosimetric differences of various 
treatment plans on prostate cancer three-field, four-field, five-field, six-field treatment 
techniques indicated that four-field and six-field with anterior oblique beams deliver 
low mean dose to bladder (Vaedezzah, 2012.)   This implies that the two sets of oblique 
fields put the organ out of the radiation fields. 

Bladder avoidance is of importance and it is required for each radiotherapy 
department to adopt an effective bladder filling protocol when treating prostate 
cancer patients. Currently available technologies for conformal delivery of radiation 
to the target and specifically for conformal avoidance may make the advantages of 
full-bladder treatment less pronounced. In addition, data about the reproducibility of 
patient perception of a full bladder are lacking. However, it is acknowledged that, 
through the course of radiation therapy, bladder filling may vary in a systematic 
manner (Vitalli, 2006). 

 Not uncommonly, either because of advanced age or irritating urinary symptoms, 
prostate cancer patients find it difficult to maintain a full bladder during radiotherapy. 
Filling of the bladder may also significantly affect prostate position and have a 
negative impact on the accuracy of radiotherapy (Melian, 2007). 
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Empty-bladder treatment has therefore been advocated in patients who require 
radiation therapy to the prostate alone. This approach provides better patient comfort 
and potentially better reproducibility. Empty-bladder protocols for radiation therapy 
of the prostate are coming into use, and the reported bladder toxicity is low so far. 

c) Femoral heads 
For evaluation purposes, one bone was used. Vaedezzah (2012) carried out a study 
comparing a 3- and 4-field and concluded that the 3-field technique spares the femoral 
head more than the 4-field technique. Three-field plans with no lateral beams resulted 
in low dose to femoral heads. The results of this particular study affirm this and 
further indicated that the 3-field is more sparing and proved to be better than all the 
other plans. However, data from literature have indicated that more sophisticated 
techniques using 6- or more fields lead to improved femoral bone protection but, on 
the other hand, the applied dose is not a limiting factor for escalating dose in prostate 
radiotherapy (Paddick, 2015). In agreement, Bedford found out that the 6-field 
technique had slightly better results in sparing the femur than 4-field. Ashman (2005) 
found   that the 3-field and 6-field   techniques with no lateral beams resulted in low 
dose to the femur. Use of dosimetric parameters in evaluating femur risk is important 
however use of radiological models to analyse plans is also important.  NTCP 
calculation to estimate risk is a useful evaluation tool for the plans and analyse if the 
organs at risk are really safe from the harmful effects of radiation to normal tissue. 

Conclusions  
All evaluated plans according to dose distribution in target PTV have not indicated 
any significant differences. The dosimetric comparison of 4 3DCRT techniques in the 
treatment of prostate cancer showed that all techniques give good coverage of PTV as 
shown by D95 of the prescription dose as well as excellent dose homogeneity and 
conformity. However, the 5- and 6-field attained the best conformity and 
homogeneity. None of the techniques showed any significant advantage in sparing 
the bladder. The 3-field technique gave the best sparing of the femoral heads.  Given 
these results from this study, it is advisable to use more fields in 3DCRT to achieve 
better dose coverage whilst minimising dose to the surrounding organs at risk. 

The four-field technique is the standard treatment at the centre in this study. However, 
in comparison with 3-, 5- and 6-fields its worth considering using the and 6-field 
techniques more for improved local control. 
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Recommendations 

• Comparing both dosimetric and radiobiological parameters can be very useful 
in evaluation and analysing plans when determining the best plan for clinical 
use. 

• When using 3DCRT, employing more fields improves target homogeneity and 
conformity therefore use of 5-, 6-fields is worth considering. 

• Implementation of advanced technology such as VMAT and IMRT is crucial as 
these have better treatment outcome. 
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