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Introduction
It is widely recognised that local tumour control of prostate 

cancer is increased as the dose received increases1 and subse-
quently, prescribed doses to the prostate are being escalated 
routinely. However, evidence clearly shows that higher prescribed 
doses and consequently, higher doses to organs at risk (OAR) 
leads to higher complication rates.2 Thus, careful conformal treat-
ment is crucial.

External beam irradiation has, historically, provided an ade-
quate means of high dose delivery and now with advancing 
technology in radiotherapy, subsequent dose escalation demands 
a growing need to improve dose conformity beyond previously 
utilised techniques.3,4,5 As trials such as Randomised Androgen 
Deprivation and Radiotherapy (RADAR) roll out, and radiation 
oncology departments explore the means of higher dose delivery, 
there is still no consensus on a standard technique for dose esca-
lated prostate treatment.6 This was demonstrated in an extensive 
literature review and comparison of prostate protocols used in 
other departments both locally and internationally. 

There is extensive evidence in the literature to show that 
intensity modulated radiation therapy (IMRT) is superior to 
conformal radiation therapy (CRT).3,7,8,20 Although this is very 
rarely disputed, IMRT is not widely available in all centres and 
can have a large impact on departmental resources. The ulti-
mate consequence of this monopoly of departmental resources 
is an increase in waiting lists. This means the effectiveness of 
IMRT needs to be carefully weighed up against its efficiency. 

Due to resource constraints, only one out of eight radiotherapy 
centres in Queensland is able to routinely offer IMRT for men 
with prostate cancer. Even in centres with wider availability this 
resource needs to be rationed. Consequently, there is a need to 
investigate whether 3D-CRT (with the use of image guided radi-
ation therapy (IGRT) using fiducial markers), is a viable option 
for safely escalating reference doses to 78 Gy. It is important 
to note that IGRT should be considered an integral part of dose 
escalation as tight dose conformity without accurate tumour 
localisation is clearly suboptimal.

The objective of this study is to determine the ideal dosimetric 
and clinically relevant 3D-CRT plan for dose escalated prostate 
treatment. This includes plans for both prostate only (PO) and 
prostate plus seminal vesicles (PSV).

Method
Previously acquired computed tomography (CT) images of five 

patients with T1-T2N0M0 prostate carcinoma were used for this 
study. None of the patients actually received treatment using the 
plans produced in this dosimetric comparison study. 

Simulation
Planning CT data was collected from simulations where a 

bladder filling/bowel voiding protocol was used and the scans 
acquired at 3 mm intervals with the patient in a supine position. 
Standardised headrests and feet stocks were employed for stabil-
ity and reproducibility. 
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Contouring
The CT data was exported to the Oncentra Masterplan 

(Nucletron, Version 1.5, AX Veenendaal, The Netherlands) 3D 
treatment planning system to be contoured. Five consecutive 
patients with T1-T2N0M0 prostate carcinoma were contoured 
according to standardised departmental protocols (see Table 1) 
by a single radiation oncologist (RO) to minimise interobserver 
variation. The external contour and femoral head and neck were 
contoured by a single planning radiation therapist (RT) according 
to the descriptions in Table 1.

Planning
The first two patients formed the basis of the pilot study, where 

10 plans (see Table 2) were generated, and a qualitative review 
performed to determine the three best plans. The additional three 
patients then had three plans each generated according to these 
final field arrangements to complete the study.

Beam weighting and multi-leaf collimators (MLC) were used 
to conform the dose to the PTV. Except for the sunrise technique, 

no wedges were required in this study. The starting point for beam 
weightings are described in Table 2 but were altered as required 
to meet dosimetry criteria. 

The PTV dose for all plans was according to ICRU 50/62 cri-
teria. A 100% dose was prescribed to the reference point in the 
volumetric centre of the PTV. All plans were optimised to ensure 
dose homogeneity between 95% and 107% of prescribed dose 
(74.1 Gy–83.46 Gy). Since all plans were similar in this respect, 
no further data is presented regarding PTV coverage.

Pilot study
From investigations reported in the literature4,9,10,11 and proto-

cols from six radiation oncology departments, 10 potential plans 
(see Table 2) were accumulated for inclusion. It was deemed more 
efficient to perform a pilot study on two separate sets of CT imag-
es with PO and PSV structures included in the PTV. These 10 
different field arrangements were optimised for a 78 Gy reference 
dose according to the ICRU Report 50 and 62 guidelines12,13 and 
OAR dose constraints were adhered to as described in Table 3.

Qualitative analysis
Three senior planning RTs and one RO with an interest in geni-

tourinary oncology ranked the DVHs of the 10 plans for the initial 
two patients based on (in descending priority): PTV coverage (≥ 
74.1Gy), rectal dose constraints (V75 Gy, V70 Gy, V65 Gy, V55 
Gy), bladder dose constraints (V75 Gy, V70 Gy, V55 Gy) and fem-
oral head and neck dose constraints (V55 Gy, V45 Gy, V35 Gy).

Based on the DVH evaluation of each OAR, the following tech-
niques were unanimously chosen to be the top three techniques: 
(The numbers in brackets indicate the gantry angles used).
n	5-field technique (0, 90, 120, 240, 270)
n	6-field technique (Steep anterior obliques) (30, 90, 120, 240, 

270, 330)
n	8-field technique (30, 60, 100, 135, 225, 260, 295, 330).

Table 1: Contouring guidelines.

Structure Contoured Limits Performed by

PTV 1cm uniform margin on CTV except 7 mm post Whole Structure RO

Seminal Vesicles Marked as CTV 1 cm sup of prostate RO

Rectum Wall – 3 mm tubular structure 1 cm sup/inf of PTV RO

Bladder Wall – 3 mm tubular structure 1 cm sup to sup limit of PTV RO

Femur Head and Neck Inf limit to 1 cm inf of PTV RT

PTV – Planning Tumour Volume; CTV – Clinical Tumour Volume; Sup – Superior; Inf – Inferior; Post – Posterior RO – Radiation Oncologist; RT – Radiation Therapist

Table 2: Description of field arrangements used in pilot study.

Plan Description Gantry angles (°) Weightings (%) Wedges

1 4 Fields 0, 90, 180, 270 All Equal N/A

2 Sunrise 0, 45, 90, 270, 315 15, 10, 25, 25, 15
450: Thick to Anterior on 

lateral fields
3 5 Fields with Anterior 0, 90, 120, 240, 270 20, 25, 15, 15, 25 N/A

4 5 Fields Unopposed 18, 90, 162, 234, 306 All Equal N/A

5 6 Fields 45, 90, 120, 240, 270, 315 10, 25, 15, 15, 25, 10 N/A

6 6 Fields (Steep Anterior Obliques) 30, 90, 120, 240, 270, 330 10, 25, 15, 15, 25, 10 N/A

7 6 Fields Unopposed 30, 90, 162, 234, 306, 270 All Equal N/A

8 7 Fields 0, 40, 80, 110, 250, 280, 310 All Equal N/A

9 8 Fields 30, 60, 100, 135, 225, 260, 295, 330 All Equal N/A

10 Arc 30»130, 230»330 All Equal N/A

Table 3: Dose volume histogram constraints of organs at risk.

OAR Tolerance (Gy)

Rectum

V75 <5%

V70 <25%

V65 <40%

V55 <50%

Bladder

 V75 <25%

 V70 <35%

 V55 <50%

Femoral head and neck

V55 <0%

 V45 <60%

 V35 <100%
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Quantitative analysis
These three plans were then optimised to the remaining three 

patients. With these plans now complete for all five patients, the 
DVH data for each OAR was exported to Microsoft Excel® 2003 
(Microsoft, Seattle, USA) for graphical presentation and statistical 
analysis. This DVH binned data needed to be normalised into 
100cGy increments for each patient so a true comparison could 
be made. From this, a median DVH value for each OAR was cal-
culated (see Figures 1–3).

The median DVHs for each OAR allowed an easy comparison 
of each of the field arrangements. A statistical analysis at the dose 
constraint intervals was done as a quantitative review using pair-
wise comparisons. These were made using a two-sample study 
t-test with a significance level of P <0.05 taken as statistically 
significant (see Tables 4a, b, c).

Results
The rectum and bladder DVHs in Figures 1 and 2, show 

little difference between the 5- and 6-field arrangements. A t-test 
analysis of the 5-field and 6-field techniques further show that 
the volume of rectum and bladder receiving a specific dose as 

indicated in Table 4a are not statistically significant. The 8-field 
arrangement on the other hand is eliminated as an option for dose 
escalation because it produces the greatest dose to the primary 
dose restricting organ, the rectum, and differs significantly to the 
5-field (P = 0.0001) and 6-field (P = 0.0003) techniques at V55 
Gy or the volume of rectum receiving 55 Gy (see Figure 1 and 
Table 4 b, Table 4 c). A 6-field technique is preferred over a 5-
field technique because of the decreased femoral head and neck 
dose (see Figure 3). In fact, this is statistically significant at 35 Gy 
(P = 0.001) and 45 Gy (P = 0.006) (see Table 4a). 

Discussion

Plan evaluation
Conformal planning is a very subjective process with the end 

result based on many variables including; observer dependence, 
patient dependence and OAR dependence. Consequently, the best 
plan is only the interpretation of an individual planner and their 
understanding of the RO’s prescription. This study has tried to 
standardise the way in which each plan was optimised but accepts 
that variation in optimisation will occur as the plans still need to 
be clinically relevant.

The small variation found between the 5- and 6-field arrange-
ments reveals that the concept of a class solution is becoming irrel-
evant in the world of conformal radiation therapy. More and more, 
plans are required to be tailor made to meet higher reference doses 
while maintaining strict OAR tolerances. The idea that one treatment 
technique is ideal for each situation is no longer a reality. However, 
an evidence-based starting point is a necessity in the interest of effi-
ciency and standardisation within a radiation oncology department. 
Still, if both plans are similar what other considerations can be used 
to distinguish between the plans? The 5-field technique has some 
other advantages in that the anterior and lateral portals can be used 
for isocentre checks. The 6-field technique would require an anterior 
field created for the purpose of checking the isocentre and not to be 
used for treatment. Therefore, a 5-field technique can be deemed 
more efficient to plan and treat with the reduced number of fields.

The justification of the viable use of both the 5- and 6-field 
techniques made from these results when tempered with a flexible 
planning approach will ensure quality dosimetry and ultimately, 
the most achievable positive outcome for the patient.

Figure 1: Rectal DVH. Figure 2: Bladder DVH.

Figure 3: RT Femur DVH.
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Dose constraints
The best plan is also very dependent on prioritisation of critical 

structure importance. The rectum is by far, the most dose limiting 
structure2,6,14 for prostate irradiation. Theoretically, the advantage of 
using a multi-field technique is to introduce as much dose from the 
lateral fields as possible. The lateral fields provide the best capacity 
to spare the rectum but are limited by the given femoral head and 
neck tolerance. The other fields are then required to complete the 
dose to the reference point (RP) while avoiding the femoral head 
and necks and also limiting dose to the rectum. Our study demon-
strates that a 6-field technique provides significantly less femoral 
head and neck dose than a 5-field technique (see Figure 3 and 
Table 4a). The 8-field technique is not recommended for clinical 
use because compared to the 5-field and 6-field techniques it con-
tributes the greatest dose to the rectum. It is clear that OAR doses 
directly dictate the treatment technique choice. This highlights the 
importance of a clear protocol for OAR contouring and acceptable 
DVH restrictions.6 As essential as this requirement is, it is compli-
cated by the limited evidence of bladder and femur tolerances.6

Observations
The post oblique fields used in the 5- and 6-field arrangement 

(300 below horizontal) allow the dose to be delivered to the refer-
ence point while limiting dose to the OARs. During treatment 
on the Elekta Precise™ treatment units, these fields will often 
require the treatment couch C-Arms and carbon fibre to be moved 
out of the field. This decreases the efficiency of the treatment unit, 
introduces a manual handling problem and potentially moves the 
patient in relation to the set isocentre. Solid carbon fibre treat-
ment tops may remove this dilemma but even some of these still 
have metal reinforcements that may attenuate the treatment fields. 

These observations, however, should not influence the choice of 
technique recommended here as dose conformity and limiting 
dose to OARs supersede these issues. 

Interobserver variation in CTV and PTV delineation has a large 
effect on the dosimetric outcome of a plan.15 The co-registration of 
CT and other imaging techniques like MRI may allow for a more 
accurate localisation of the target tissue which, in clinical practice 
yields smaller radiation volumes with an expected decrease in 
toxicity.4 Regular use of MRI to enhance CTV and PTV delinea-
tion would greatly increase the conformity and consequently the 
effectiveness of the 6-field technique to spare critical tissue while 
ensuring adequate PTV coverage.

The patients included in this study underwent a bladder fill-
ing/bowel voiding program before planning and during treatment. 
Current evidence demonstrates the effect of prostate movement due 
to bladder and rectal distension and the advantages of reproducing 
internal organ motion.16,17,18,19 It was evident that the size and posi-
tion of the rectum was more favourable when compared with other 
prostate patients not on the bowel/bladder prep protocol.

In the pilot study, a 5-field technique (0, 45, 90, 270, 315 gantry 
angles) also known as ‘sunrise’ was eliminated in the ranking pro-
cess. A more recent review of protocols from other departments has 
revealed the adoption of this technique for prostate dose escalation. 
This technique also eliminates the problem encountered with the 
carbon fibre and the post oblique fields previously mentioned. As 
benchmarking is a fundamental part of evaluating a change in pro-
tocol, it was thought prudent to reassess this arrangement in relation 
to the end results of this project. It was concluded that although 
the rectal DVHs for the ‘sunrise’ technique were comparable, the 
dose delivered to the femoral head and necks were considerably 
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Table 4a: Two sample t-test of 5-field and 6-field beam arrangements for selected dose constraints.

Rectum: P-value Bladder: P-value Fem Head and Neck: P-value

V55 0.239 V55 0.244 V35 0.001*

V65 0.476 V70 0.241 V45 0.006*

V70 0.975 V75 0.158 V55 0.332

V75 0.311

*Statistically significant at P-value <0.05

Table 4b: Two sample t-test of 5-field and 8-field beam arrangements for selected dose constraints.

Rectum: P-value Bladder: P-value Fem Head and Neck: P-value

V55 0.0001* V55 0.239 V35 0.001*

V65 0.102 V70 0.260 V45 0.008*

V70 0.580 V75 0.636 V55 0.332

V75 0.398

*Statistically significant at P-value <0.05

Table 4c: Two sample t-test of 6-field and 8-field beam arrangements for selected dose constraints.

Rectum: P-value Bladder: P-value Femur Head and Neck: P-value

V55 0.0003* V55 0.549 V35 0.011*

V65 0.374 V70 0.457 V45 0.137

V70 0.374 V75 0.504 V55 0.374

V75 0.374

*Statistically significant at P-value <0.05
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increased. Thus, its original exclusion as a class solution is justified 
and further supports the evidence that the 6-field technique is the 
most acceptable technique for dose escalation.

Future directions
The results from this study will allow consolidation of an evi-

dence based protocol for dose escalated irradiation with external 
beams. This will allow an efficient planning and treatment process 
that will provide increased benefit for both the department and 
ultimately, the patient. With input from this department’s ROs and 
the senior RTs, we expect to implement a protocol that encour-
ages the use of either the 5- or 6-field technique.

Based on both the evidence of this project and the current lit-
erature,16,17,18,19 bladder and bowel prep is warranted to be included 
in a departments’ prostate protocol. Guidelines reported by the 
Faculty of Radiation Oncology Genito-Urinary Group (FROGG)6 
and the RADAR trial21 recommend the use of standard contour-
ing guidelines for all structures. The advantages of utilising 
these guidelines have already been outlined and thus, need to be 
included in the updated protocol.

IGRT allows accurate verification of isocentre localisation and 
has been identified as the preferred method (where available) of 
field placement for dose escalated prostate treatment.6,22,23,24 It is 
important to note that IGRT or the use fiducial markers should be 
considered an integral part of dose escalation as tight dose confor-
mity without accurate daily tumour localisation is illogical.

Conclusion
As demonstrated by the results, the 6-field arrangement is rec-

ommended for dose escalated prostate irradiation. However, there 
is little variation between the 5- and 6-field techniques and so; the 
5-field arrangement can also be considered an acceptable plan as it 
has some other clinical advantages. With the use of fiducial markers 
or IGRT, dose escalation with 3D-CRT is viable up to 78 Gy.
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