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Summary
Australian and New Zealand radiation oncologists with an interest in urooncology were invited to participate in a pattern-of-practice survey dealing
with the management of intact high-risk prostate cancer. Responses from 46
practitioners (representing 73% of all potential respondents) revealed that
high-dose radiation therapy is the standard of care. However, there is variability in practice with regard to the methods used to achieve dose escalation,
the use of whole-pelvic radiation therapy and the optimal duration of androgen deprivation therapy employed. A review of the literature outlining the
current body of knowledge and the planned and ongoing studies in intact
high-risk prostate cancer is presented.
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Introduction
In November 2012, the Royal Australian and New
Zealand College of Radiologists (RANZCR) Faculty of
Radiation Oncology Genito-urinary Group (FROGG) conducted a workshop addressing controversies encountered in the management of high-risk prostate cancer
(HPC). In the definitive setting, prostate cancer is
deemed high-risk if the tumours are of clinical stage
≥T3a, serum prostate-specific antigen (PSA) levels
are ≥ 20 ng/mL and/or Gleason score is 8–10.1,2
Although randomised controlled trials (RCTs) in HPC
have been conducted, the evolution in management
approaches and treatment techniques over time has
meant that these studies’ conclusions do not always
provide evidence-based answers to questions arising in
the current era. Areas of current debate that were discussed at the workshop for men with intact HPC included
the following: (i) the role of surgery; (ii) the optimal
© 2013 The Royal Australian and New Zealand College of Radiologists.

method of delivering definitive dose-escalated radiation
therapy (RT); (iii) the utility of whole-pelvic radiation
therapy (WPRT); and (iv) the optimal duration of androgen deprivation therapy (ADT) when given in combination with dose-escalated RT.
Prior to the FROGG workshop, radiation oncologists
(ROs) in Australia and New Zealand (ANZ) who had an
interest in uro-oncology were invited to complete a
patterns-of-practice survey. The aim of the survey was
to provide a snapshot of current practice in the management of HPC. In order to put the results of the survey
into a wider context, emphasising Australasian data
where possible, a review of the pertinent literature is
provided. The results of the survey and a review of the
literature regarding the management of high-risk intact
prostate cancer are presented here. The survey results
and literature review pertinent to HPC in the postprostatectomy setting are presented in the companion
manuscript.
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Methods
The survey, developed by members of the FROGG
Executive Committee, consisted of questions and clinical
scenarios designed to elicit the opinions and clinical
practice of ROs. The survey questions are available in
Appendix SI. Responses were collected using a commercially available survey engine (SurveyMonkey®).
Descriptive statistics are presented.
In the absence of a centralised register detailing the
subspecialty interests of all ANZ ROs, the authors
adopted the pragmatic approach of asking all registrants
of the FROGG workshop who were Fellows of the
RANZCR to complete the survey. In an effort to obtain a
broad range of responses, the survey was also sent to all
ROs who were members of FROGG.
The literature reviewed expands on the data presented
at the workshop with additional literature identified
through PubMed and MEDLINE searches and through
guidance provided by the workshop’s expert guest
speaker (Professor Pollack).

Results
Forty-six ROs responded to the survey, representing
73% of potential respondents. Responses were obtained
from ROs practising in all Australian states and territories
(with the exception of the Australian Capital Territory)
and New Zealand. Fifty-four per cent of respondents had
been practicing as a RO for 10 or more years, 24% for
less than 5 years and 22% for between 5 and 10 years.
Seventy per cent of respondents indicated that they
subspecialised in the management of genito-urinary
cancer.

Whole-pelvic radiation therapy
When respondents were asked if they electively treated
lymph nodes for HPC, 35% (16/46) stated they never
treated pelvic lymph nodes electively, 6% treated pelvic
lymph nodes electively in all cases of HPC and 59%
treated pelvic nodes only in selected cases of HPC. The
commonly cited reasons for nodal irradiation were a
>15–30% nomogram-predicted risk of nodal involvement and enlarged nodes on staging investigations.

Among respondents who treated nodes electively, 100%
included the obturator and internal iliac nodes, 70% the
external iliac nodes, 60% the presacral nodes and 2%
the common iliac nodes.

Androgen deprivation
Neoadjuvant androgen deprivation
Ninety-six per cent of respondents (44/46) used
neoadjuvant androgen deprivation therapy (ADT) in
the management of HPC. Seventy-seven per cent of
respondents prescribed 4–6 months of neoadjuvant ADT,
14% prescribed <4 months and 9% prescribed more than
6 months.

Adjuvant androgen deprivation
Ninety-six per cent of respondents (44/46) used adjuvant ADT in the management of HPC, with 57% prescribing more than 18 months, 28% 12 to 18 months, 13% 6
to 12 months and 2% less than 6 months of therapy.
The factors influencing the duration of adjuvant ADT
prescribed were, in order of frequency cited, the side
effects/tolerability of neoadjuvant ADT; the level of risk
indicated by tumour factors; the patient’s medical
comorbidities, age and choice; serum testosterone
levels; and the PSA level achieved after neoadjuvant
ADT and RT.

Complications of androgen deprivation
Issues regarding the complications of ADT, specifically
the frequency with which they were screened for and by
whom, are presented in Table 1.

Responses to the clinical scenarios
Clinical scenario 1
Participants were asked how they would treat a healthy
64-year-old male with PSA 16 ng/mL and cT3aN0M0
adenocarcinoma of the prostate with Gleason 4 + 5 = 9
in 8/12 cores.

Table 1. Screening for complications of ADT
Complication

Osteoporosis
Dyslipidaemia
Insulin resistance
Cognitive/emotional dysfunction
Sexual dysfunction

Response
rate (%)

Percentage of ROs routinely
screening patients

Frequency

Screening supervisor

90
82
80
69
82

90
18
13
56
87

At baseline and every 1–2 years
Baseline, every 3 months, yearly
Baseline, every 3 months, every 6 months, yearly
Each clinic visit
Each clinic visit

Predominantly RO
Predominantly GP
Predominantly GP
Predominantly RO
Predominantly RO

GP, general practitioner; RO, radiation oncologist.
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respondents prescribing either a maximum dose to a
percentage or a volume of bowel or stipulating a
maximum dose only. Variability in femoral neck dose
constraints was also observed, the most commonly
stipulated being V35 ≤ 100, V45 ≤ 60 and V60 ≤ 30.
All respondents recommended treatment with ADT,
with 65% (30/46) recommending long-term ADT (2–3
years total duration), 28% recommending intermediateterm ADT (12–18 months) and 7% recommending shortterm ADT (6 months). Luteinizing hormone-releasing
hormone agonist monotherapy was the method of
achieving androgen suppression stipulated by 90% of
respondents.

Clinical scenario 2

Fig. 1. Range of dose-fractionation regimens prescribed – prostate.

Radiation therapy was the preferred local treatment
modality, recommended by 98% (45/46) of respondents. One respondent recommended radical prostatectomy (RP). The methods of radiation delivery cited and
the frequency with which they were mentioned were as
follows: intensity-modulated radiation therapy (IMRT)
55%, external beam radiation therapy (EBRT) + high
dose rate brachytherapy (HDRB) boost 25%, 3dimensional conformal radiation therapy (3D CRT) 19%
and volumetric modulated arc therapy (VMAT) 1%.
Of those who would treat with EBRT, 37% (17/46) of
respondents included the prostate and proximal seminal
vesicles (SV) in the clinical target volume; 28% included
the prostate and all of the SV; and 35% included the
prostate, SV and pelvic lymph nodes.
The range of dose-fractionation regimens prescribed
when treating either the prostate alone or the prostate
and pelvic lymph nodes is presented in Figures 1 and 2.
The dose constraints applied to bladder and rectum
are presented in Figures 3 and 4. There was variability in
the number of dose constraints specified for the rectum,
from one (a mean dose of 45 Gy) to five, and in the
absolute values of the dose–volume (DV) limitations.
The most commonly stipulated were a V70 < 25%, a
V60 < 40% and a V50 < 50%. A maximum acceptable
DV level was stipulated by two respondents: <1 cc
>78 Gy, <2 cc >102%. Respondents stipulated between
one and four bladder dose constraints, with the most
commonly cited parameters being a V50 < 50% and a
V70 < 35%. A maximum DV level was stipulated by one
respondent (<2 cc >78 Gy). Significant variability was
seen in the dose constraints applied to small bowel, with
© 2013 The Royal Australian and New Zealand College of Radiologists

Participants were asked how they would treat a healthy
64-year-old male with PSA 16 ng/mL, Gleason 4 + 5 = 9
in 8/12 cores and a 1.5 cm left iliac node on CT scan.
Respondents indicated the following management
strategies: 59% elected to treat with ADT followed by
radical EBRT delivered to the prostate and pelvic nodes;
18% would evaluate the node further by either biopsy,
PET or response to ADT before deciding on local therapy;
12% elected to treat with ADT, withholding local treatment until local symptoms developed; 7% would commence ADT only when the patient became symptomatic;
2% would recommend ADT followed by EBRT to the
prostate alone. One respondent would recommend radical
prostatectomy and elective lymph node dissection.

Fig. 2. Range of dose-fractionation regimens prescribed – pelvic lymph
nodes.
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Fig. 3. Rectal dose–volume constraints nominated by survey respondents.

Discussion and literature review
From 20% to 35% of patients with newly diagnosed
prostate cancer are classified as high-risk.3 These
patients are at an increased risk of PSA failure, metastatic progression and death from prostate cancer. The
optimal treatment strategy for these patients remains
unclear.
The FROGG survey provides a snapshot of the current
clinical practice of ANZ ROs with regard to the management of clinically localised HPC. The authors acknowledge that responses were not received from all ANZ ROs

involved in the management of prostate cancer.
However, in the absence of a comprehensive register of
the subspecialty interests of all practising ANZ ROs,
targeting members of the subspecialty interest group
FROGG and those practitioners attending the workshop
was deemed a pragmatic method of obtaining information. The response rate, particularly from clinicians practicing in Australia, suggests that the findings are likely to
be representative of practice nationwide.
In the following paragraphs, the literature surrounding
the current areas of debate in the management of HPC is
presented. The authors acknowledge that a complete

Fig. 4. Bladder dose–volume constraints indicated by survey respondents.
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systematic review of the literature was not conducted.
However, our aim was to place the survey findings in a
wider context, emphasising Australasian data where
possible.

The role of surgery
Proponents of RP argue that surgery, by providing definitive histopathological information, allows many patients
to be surgically downstaged,4 results in excellent locoregional control, obviates the need for long-term systemic therapy and allows for the early detection of
treatment failure when a persistently elevated or rising
PSA is found.5 Furthermore, should adverse pathological
features be found, adjuvant RT improves biochemical
progression-free survival (bPFS).6–8 Arguments against
the use of RP include the potential for increased morbidity, particularly if wide, non-nerve-sparing procedures
and extended lymph node dissections are employed, and
the possibility of committing the patient to the combined
morbidity of surgery and radiation in the absence of any
proven benefit for surgery.5
Single and multi-institutional surgical series reporting
on outcomes in men with HPC treated with RP indicate
that not all men have a uniformly poor prognosis.4 A
systematic review of the literature for men with clinical
stage T3 disease managed with RP demonstrated a
10-year overall survival of 60%.9 The Prostate Cancer
Results Study Group analysed the literature for a range
of treatment modalities with outcome data for more than
50 000 patients, of whom over 11 000 (22%) had HPC,
and found that approximately 40% of these men
remained in PSA remission at 10 years.10 A review of
4760 patients with HPC treated with RP at three institutions found that men with only one high-risk feature had
much better bPFS outcomes compared with those with
two or more features.4 Thus, outcomes from surgery are
not uniform in men with HPC, and appropriate patient
selection is important.
The European Association of Urology (EAU) guidelines
recommend that for high-risk localised disease, management decisions should be made after all treatments have
been discussed by a multidisciplinary team and after the
balance of benefits and side effects of each therapy
modality have been considered by the patients with
regard to their own individual circumstances.3 The EAU
guidelines state that RP is a reasonable treatment option
in selected patients and that if it is performed, extended
pelvic lymph node dissection should also be undertaken,
mainly due to the higher rates of lymph node positivity
uncovered.11 The guidelines recommend that the patient
be informed about the possibility of a multimodal
approach following surgery.3

Radiation dose and mode of delivery
There is level one evidence that high-dose RT (≥74 Gy)
significantly decreases biochemical failure rates com© 2013 The Royal Australian and New Zealand College of Radiologists

pared to standard-dose RT and that this benefit is
observed in all risk groups.12 Data from Memorial Sloan–
Kettering Cancer Center, where dose has been sequentially increased up to 86.4 Gy, supports the hypothesis
that tumour control probability (TCP) improves with
escalating dose. When TCP models were fitted to posttreatment biopsy outcomes, patients with HPC required
significantly larger doses to achieve local control than
low-risk patients.13 In addition, improved local control
translated into a reduction in distant metastases.14
The optimal method of dose escalation is yet to be
determined, with EBRT alone, EBRT with either lowdose-rate brachytherapy (LDRB) or HDRB boost, and
brachytherapy alone all being used, often in conjunction
with ADT.10 Two randomized trials have shown superior
biochemical and clinical disease control with a brachytherapy boost compared with EBRT alone, although
the doses used in the EBRT-alone arm are considered
low by modern standards.15,16 There are retrospective
Australian data supporting the hypothesis that dose
escalation using HDRB boost results in improved biochemical disease control compared with EBRT17–19 or RP
for men with high-risk disease.20 Various factors, such
as cost, radiation protection, technical expertise and
advances in EBRT delivery, have limited the implementation of prostate HDRB to a relatively small number of
specialist centres.
The survey results suggest that high-dose radiation
therapy is the standard of care in ANZ Radiation Oncology centres, in keeping with FROGG guidelines,21 with
the majority of respondents treating the primary disease
to either 74 Gy or 78 Gy in conventional fractionation
(Fig. 1). Figures 3 and 4 compare the Quantitative
Analyses of Normal Tissue Effects in the Clinic
(QUANTEC)-recommended DV limits22,23 with the range
of rectal and bladder dose constraints stipulated by
survey respondents. These figures highlight variability
in practice between individuals and from published
guidelines.21–23 This variation may be explained by the
range of RT techniques and target-volume contouring
employed by survey respondents. Furthermore, the
QUANTEC rectal DV limits are based on data from doseescalation studies using 3-dimensional conformal RT.
Recommendations from these models may need to be
adjusted to predict complications from IMRT. In addition,
due to a paucity of reliable data on the radiation tolerance of the urinary bladder, the QUANTEC bladder DV
limits are derived from those stipulated in the RTOG
0415 trial. Research correlating DV histograms achieved
by modern RT techniques with valid toxicity scores,
including patient-reported outcomes, is required.

Whole-pelvic radiation therapy
The survey highlights a lack of consensus on the role and
indications for WPRT and the nodal volumes that should
be included in the radiation fields. For example, 64% of
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survey respondents would consider WPRT in at least
some circumstances, and 35% would do so as part of
their standard approach for men with HPC. This uncertainty is reflected in the lack of firm recommendations
in Australasian guidelines.21 Figure 2 demonstrates the
wide variety of dosing for WPRT, reflecting in part the
potential for a single-phase simultaneous integrated
boost to the prostate for men managed with IMRT.24
Interest in WPRT is based on the high rate of pathological node involvement found in HPC and the ability to
deliver high radiation doses safely with modern IMRT
techniques. However, two Phase III trials (RTOG 94-13,
GETUG-01) comparing WPRT with prostate-only radiation therapy failed to demonstrate a survival benefit for
WPRT.25,26 Proponents of WPRT argue that the relatively
low doses used in RTOG 94-13, the absence of conformal
techniques and image guidance, and a bias imposed by
the earlier cessation of ADT in the neoadjuvant arm
compared with the adjuvant arms contributed to the
negative result.27 The GETUG-01 has been criticised
because only 45% of included patients had a risk of
lymph node involvement >15%, the superior field limit
placement at S1/S2 afforded insufficient nodal coverage,
the use of neoadjuvant ADT was inadequately described
and a definition of biochemical failure thought to lack
sensitivity and specificity compared with the Phoenix
definition was used.27 Conversely, several influential
RCTs have included WPRT for both study arms.28,29 Given
these concerns, the role of WPRT is considered an area of
uncertainty, leading to the initiation of RTOG 09-24,
which aims to evaluate the potential benefit of WPRT in
patients with ‘unfavourable’ intermediate-risk prostate
cancer or ‘favourable’ HPC.30
If WPRT is performed, information from radiological
series informs the optimal radiation portals. A radiological study using single-photon emission computed
tomography (SPECT)/CT or SPECT/MRI 1 h after
ultrasound-guided intraprostatic injection of technetium
nanocolloid in patients with cT1-T2N0 prostate cancer
and correlated with pathological findings after extensive
lymph node dissection found that 75% of all nodes
potentially harbouring metastases would be removed if
the lymph node dissection included the obturator, external and common iliac regions at least up to the ureteric
crossing.31 Among specialist genitourinary ROs, there is
a marked variability in WPRT delineation, leading the
RTOG to develop a radiological atlas of recommended
nodal regions to be included if WPRT is to be used.32,33

Androgen deprivation
In patients with HPC, the addition of ADT to standarddose EBRT improves survival compared with EBRT
alone.34 In men with locally advanced prostate cancer,
the addition of EBRT to ADT improves survival compared
with ADT alone.35,36 The optimal duration of ADT (longterm (≥2 yrs, LTADT) vs short-term (≤6 months,
262

STADT)) given in combination with standard-dose EBRT
in HPC was assessed in the RTOG 92-02 and EORTC
22961 trials. In RTOG 92-02 (comparing 28 months with
4 months of ADT), an overall survival benefit for
LTADT + EBRT was only seen in men with Gleason score
8–10 on subgroup analysis.29 The EORTC equivalence
study 22961 (comparing 3 years with 6 months of ADT)
failed to prove non-inferiority for STADT compared with
LTADT.37 Thus, for patients with HPC, prolonged ADT(at
least 2 years) is currently recommended.
However, this survey found that up to 35% of
respondents would recommend <2 yrs of ADT, reflecting
current uncertainty around the optimal duration of ADT.
This uncertainty centres on several issues:
1 Acknowledgement of the heterogeneity that exists
within HPC and thus whether the results of the RCTs
(which included a high proportion of T3 disease) are
applicable to all patients in the HPC group.
2 The results of an observational study of more than
3000 patients identified in a multi-institutional database that assessed the relative efficacy of ADT over
time using biochemical failure as the endpoint, which
found that the response to ADT was non-linear, with
minimal additional ADT effect beyond approximately
18 months of therapy. These authors concluded that
recommendations for 3 years of ADT cannot be substantiated, although the limitations of an observational study were acknowledged.38
3 The potential for ADT-related morbidity and/or mortality, with several studies demonstrating an association between ADT use and an increased risk of
cardiovascular death or myocardial infarction.39–41
However, ADT use was not found to be associated
with an increased risk of cardiovascular death, irrespective of duration of ADT, in a pooled analysis of
eight randomised trials involving 4141 patients with
unfavourable prostate cancer.42 As older patients and
patients with poor performance status or medical
comorbidities may not be recruited into randomised
trials, the applicability of these findings to a significant
proportion of the population is uncertain. It is
unknown whether and to what degree the presence of
any particular comorbid condition would lead to a loss
in the survival benefit observed with ADT.
Importantly, it is noted that with increasing awareness of the potential toxicity of ADT, ANZ ROs appear
to be taking an active role in minimising morbidity, as
indicated by the significant numbers undertaking
screening for toxicities either individually or in conjunction with the primary physician. Specifically, 90%
of survey respondents indicate that they are undertaking bone mineral density (BMD) screening. This
figure compares favourably with a review of practice
in Ontario, Canada, where the use of BMD tests in
men started on ADT was assessed using linked database information, rather than self-report. This study
© 2013 The Royal Australian and New Zealand College of Radiologists
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found that less than 20% of men underwent BMD
tests within 2 years of starting ADT, and even in men
at high risk of osteoporosis or fracture, the use of BMD
tests was less than 50%.43
4 Uncertainty as to whether ADT is necessary in an era
of dose-escalated RT and, conversely, as to the value
of dose escalation when ADT is utilised. In the MRC
RT01 trial, HPC patients who received neoadjuvant
STADT (3–6 months) and dose-escalated EBRT
(74 Gy) demonstrated improved 5-year bPFS compared with STADT and conventional-dose RT
(64 Gy).44 However, the question remains whether
dose escalation beyond 74 Gy, as is commonly practiced now, would provide further benefit.
Similar improvements in bPFS when higher doses of
radiotherapy are employed in addition to ADT in HPC
have been demonstrated by other centres.45,46 Retrospective data from Fox Chase Cancer Center (FCCC)
demonstrated a lower risk of biochemical failure, distant
metastases and overall mortality in men with Gleason
score 8–10 disease treated with higher RT doses
(≥80 Gy) given with or without ADT.47
Using the FCCC data, a prediction tool has been
developed to assist in estimating the impact of adding
different durations of ADT to standard-dose RT or
escalated-dose RT using 8-year bPFS as an endpoint.48
These data suggest that the relative benefit of dose
escalation compared with the benefit from ADT is low
(pers. comm., A. Pollack). Thus, it would seem reasonable that both dose-escalated RT and ADT of some duration be incorporated into the management of HPC
patients. The use of published nomograms may be of use
in the clinical situation when discussing the relative benefits of each approach with individual patients.
The publication of mature results from more recently
conducted RCTs may provide further guidance as to the
optimal duration of ADT. For example, the results of a
RCT, reported in abstract form only, comparing 36
months with 18 months of ADT in HPC demonstrated no
significant difference in overall and cancer-specific survival between the two arms.49 In addition, the results of
the RADAR trial comparing 18 months with 6 months of
ADT are awaited.50

Conclusion
This patterns-of-practice survey of Australian and New
Zealand ROs highlighted variability in practice both
between clinicians and from published guidelines,
reflecting the uncertainties involved in the management
of HPC and the inability of currently available guidelines
to provide definitive, evidence-based answers for these
patients. A review of the literature outlining the current
body of knowledge and highlighting the planned and
ongoing clinical trials that aim to answer some of the
questions is presented. Until the results of these studies
become available, management decisions should be
© 2013 The Royal Australian and New Zealand College of Radiologists

made after informed discussions with patients regarding
the issues pertinent to them and following debate in a
multidisciplinary setting.
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