
Large institutional variations in use of androgen
deprivation therapy with definitive radiotherapy in
a population-based cohort of men with
intermediate- and high-risk prostate cancer
Wee Loon Ong*†, Farshad Foroudi*, Sue Evans† and Jeremy Millar‡§

*Department of Radiation Oncology, Olivia Newton-John Cancer and Wellness Centre, Austin Health, Heidelberg, Vic.,
Australia, †Department of Epidemiology and Preventive Medicine, Monash University, Melbourne, Vic., Australia,
‡Alfred Health Radiation Oncology Services, Prahran, Vic., Australia, and §Central Clinical School, Monash University,
Melbourne, Vic., Australia

Objective
To evaluate the pattern of use of androgen deprivation therapy
(ADT) with definitive radiotherapy (RT) in men with prostate
cancer (PCa) in a population-based study in Australia.

Patients and Methods
This is a prospective cohort of men with intermediate- and
high-risk PCa, captured in the population-based Prostate
Cancer Outcome Registry Victoria, who were treated with
definitive prostate RT between January 2010 and December
2015. The primary outcome of interest was ADT utilization.
Chi-squared test for trend was used to evaluate the temporal
trend in the use of ADT over the study period. Multivariate
logistic regressions were used to evaluate the effects of
patient-, tumour- and treatment-related factors, and
treatment institutions (public/ private and metropolitan/
regional) on the likelihood of ADT utilization.

Results
A total of 1806 men were included in the study, 199 of
whom (11%) had favourable National Comprehensive Cancer
Network (NCCN) intermediate-risk disease (i.e. only one
intermediate-risk feature, primary Gleason grade 3, and <50%
biopsy core involved), 687 (38%) had unfavourable NCCN
intermediate-risk disease, and 920 (51%) had high-risk
disease. Of the 1806 men, 1155 (64%) received ADT with RT.
Men with NCCN high-risk PCa (84%) were more likely to
have ADT than men with favourable NCCN intermediate-risk
(32%) and unfavourable NCCN intermediate-risk (46%) PCa
(P < 0.001). Men treated in public institutions (66%, vs 47%

in private institutions; P < 0.001) and regional centres (78%,
vs 59% in metropolitan institutions; P < 0.001) were more
likely to receive ADT. There was a trend towards an increase
in ADT utilization from 50% in 2010 to 64% in 2015 (P <
0.001). In multivariate analyses (adjusting for age, tumour-
related factors, year of treatment and use of brachytherapy
boost), treatment institution (public and regional) remained
independently associated with increased likelihood of ADT
utilization. Men with intermediate-risk PCa treated in
regional and public institutions were 2.7 times (95%
confidence interval [CI] 1.9–3.9; P < 0.001) and 2.8 times
(95% CI 1.4–5.3; P = 0.002), more likely to receive ADT with
RT, respectively, while men with high-risk PCa treated in
regional and public institutions were 3.1 times (95% CI 1.7–
5.7; P < 0.001) and 3.0 times (95% CI 1.7–5.4; P < 0.001),
more likely to receive ADT with RT, respectively.

Conclusion
This is the largest Australasian contemporary series reporting
on the pattern of use of ADT with definitive prostate RT.
While there was an increasing trend towards use of ADT over
time, ADT still appeared to be underutilized in certain groups
of patients who may benefit from ADT, with approximately
one in five men with high-risk and one in two with
unfavourable intermediate-risk PCa not receiving ADT with
RT. There was notable variation in the use of ADT between
public vs private and metropolitan vs regional institutions.
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Introduction
The role of androgen deprivation therapy (ADT) with
radiotherapy (RT) in the management of prostate cancer

(PCa) has been extensively studied. Multiple randomized
controlled trials to date have consistently shown that adding
ADT to RT is associated with improved overall survival in
men with intermediate- to high-risk PCa [1–5]; however,
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controversies remain regarding the role of ADT given the
potential side effects, deterring some radiation oncologists
from prescribing ADT with RT. There are also ongoing
controversies regarding timing, duration [6–9] and type of
ADT prescribed [10–12]. Recent findings from the US
National Cancer Database (NCDB) have shown that, over
time, there is a decreasing trend in the use of ADT with RT
in men with intermediate-risk PCa [13]. It has also been
reported that there is less tendency towards the use of ADT
in men treated in academic centres, and in those who
received brachytherapy boosts [14]. There is limited data,
however, on the use of ADT in Australasia. The aim of the
present study is to evaluate the pattern of ADT utilization
with RT in an Australian population, and to investigate the
factors influencing the use (or omission) of ADT with RT.

Patients and Methods
Study Population

The study cohort comprised men with PCa captured in the
population-based Prostate Cancer Outcome Registry Victoria
(PCOR-Vic). PCOR-Vic was established to investigate
systemic variations in the presentation, pattern of care and
outcomes in men with PCa in the state of Victoria, Australia
[15]. Patient recruitment and data collection methodology
have been previously described [15]. Briefly, patients with
biopsy-confirmed PCa are notified to PCOR-Vic, with an opt-
out consent process to optimize the recruitment rate. To date,
PCOR-Vic captured ~75% of all new PCa cases diagnosed in
the state of Victoria. Data collection is performed by trained
data collectors, with medical terminology familiarity, by
reviewing patients’ medical records and through follow-up
telephone interviews at regular intervals. For the present
study, we included all men recruited in the PCOR-Vic, who
had intermediate- and high-risk PCa treated with definitive
external beam RT between January 2010 and December 2015.
Ethics approval was obtained from participating hospitals,
Monash University and the Cancer Council Victoria.

Primary Outcomes and Determinants

The primary outcome of interest was the utilization of ADT
with RT. Given the nature of the data collection within
PCOR-Vic, there is insufficient information to quantify the
duration of ADT for each patient. We evaluated the temporal
trend in the pattern of use of ADT over the study period. We
also evaluated various determinants of ADT utilization,
including: age at PCa diagnosis, PSA level at diagnosis,
Gleason score, and clinical stage. The patients were classified
into intermediate- and high-risk PCa based on the National
Comprehensive Cancer Network (NCCN) risk classification
[16]. In addition, patients with intermediate-risk PCa were
subdivided into favourable and unfavourable disease based on

previously published definitions [17]. Favourable
intermediate-risk PCa included those with only one
intermediate-risk feature (Gleason 7, cT2b/cT2c, and PSA at
diagnosis 10–20 ng/mL), primary Gleason grade 3, and <50%
of biopsy cores involved [17]. Given that the exact dose and
fractionations were not consistently collected in the PCOR-
Vic, we were not able to identify whether patients had dose-
escalation RT; however, we did include whether men had a
high-dose-rate (HDR) brachytherapy boost as part of the PCa
treatment. The institutions where the men received RT were
classified as public or private, and regional or metropolitan.

Statistical Analyses

Categorical variables were summarized using frequency and
percentage, while continuous variables were summarized
using mean and SD (or median and interquartile range, as
appropriate). Differences in the determinants between those
who did and did not receive ADT were compared using
Student’s t-test, or a Mann–Whitney U-test as appropriate,
for continuous variables, and Pearson’s chi-squared test for
categorical variables. Chi-squared test for trend was used to
evaluate the temporal trend in ADT utilization over the study
period. Multivariate logistic regression analysis was used to
estimate the effect of each determinant on the likelihood of
ADT utilization. A two-sided P value <0.05 was considered to
indicate statistical significance. All statistical analyses were
performed using STATA/IC 13 (STATA Corp, College Station,
TX, USA).

Results
A total of 1806 men were included in this study, of whom
199 (11%) had favourable intermediate-risk, 687 (38%) had
unfavourable intermediate-risk, and 920 (51%) had high-risk
PCa (Table 1). The mean (SD) age at diagnosis was 71.3 (6.7)
years. Only 124 men (7%) had an HDR brachytherapy boost
as part of definitive prostate RT treatment. Approximately
one in 10 men (n = 216, 12%) had treatment in private
institutions, while one in four men (n = 471, 26%) had
treatment in regional centres.

Of all the men, 1155 (64%) received ADT with definitive RT
(Table 1). There were no significant differences in the age of
men who received ADT vs those with no ADT (P = 0.2).
Men who had high-risk PCa were more likely to receive
ADT; 63 men (32%) with favourable intermediate-risk, 318
men (46%) with unfavourable intermediate-risk and 774 men
(84%) with high-risk PCa received ADT (P < 0.001). There
were no differences in the use of ADT between men who did
and did not undergo HDR brachytherapy boosts (P = 0.7).
There was a large variation in ADT utilization between
institutions, ranging between 7% and 88% for men with
intermediate-risk PCa, and between 39% and 100% for men
with high-risk PCa (Fig. 1). Overall, men treated in public
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institutions (66%, vs 47% in private institutions; P < 0.001)
and regional centres (78%, vs 59% in metropolitan
institutions; P < 0.001) were more likely to receive ADT with
definitive RT (Table 1). Given the relatively low number of
men treated in private institutions, sensitivity analyses were
performed excluding men treated in private institutions, and
there was still a significantly higher proportion of ADT
utilization with RT among men treated in public regional
centres compared with public metropolitan centres
(P < 0.001).

Over the 6-year study period, there was an increasing trend
in ADT utilization across the study cohort as a whole, from
50% in 2010 to 64% in 2016 (P value for trend <0.001).
When stratified by the NCCN risk categories (Fig. 2), this rise
was only observed in men with favourable intermediate-risk
PCa (from 17% in 2010 to 41% in 2015; P = 0.01) and in
men with unfavourable intermediate-risk PCa (from 33% in
2010 to 45% in 2015; P = 0.05). In men with high-risk PCa,
ADT utilization remained relatively stable (78% in 2010 and

83% in 2015; P = 0.7). When stratified by treatment
institution, ADT utilization in public institutions increased
from 50% in 2010 to 66% in 2015 (P < 0.001), but there was
no significant change in the trend of ADT utilization for
other institutions over the study period (Fig. 3).

Multivariate logistic regression analyses stratified by NCCN
risk categories showed that tumour-related factors (i.e. PSA at
diagnosis, clinical T categories and Gleason score), treatment
institution (public vs private and metropolitan vs regional)
and year of treatment were independently associated with the
use of ADT in men with intermediate-risk PCa (Table 2).
Men with intermediate-risk PCa treated in regional centres
and public institutions were 2.7 times (95% CI 1.9–3.9; P <
0.001) and 2.8 times (95% CI 1.4–5.3; P = 0.002) more likely
to receive ADT with definitive RT, respectively. Men with
intermediate-risk PCa treated in more recent years were also
more likely to receive ADT with RT (P = 0.04).

In men with high-risk PCa, tumour-related factors and
treatment institutions were also independently associated with
the use of ADT; however, the year of treatment did not have
an impact on the use of ADT. Men with high-risk PCa
treated in regional centres and public institutions were 3.1
times (95% CI 1.7–5.7; P < 0.001) and 3.0 times (95% CI 1.7–
5.4; P < 0.001) more likely to receive ADT with RT. Patients’

Table 1 Baseline patient-, tumour- and treatment-related factors in men
who did and did not receive androgen deprivation therapy (ADT) with
definitive radiotherapy.

Men with
no ADT
(n = 651,
36%)

Men with
ADT

(n = 1155,
64%)

P

Mean (SD) age, years 71.0 (6.9) 71.4 (6.6) 0.2
Serum PSA at diagnosis, n (%)
<10 ng/mL 387 (47) 434 (53) <0.001
10–20 ng/mL 224 (34) 430 (66)
>20 ng/mL 31 (10%) 276 (90)

Clinical stage, n (%)
<cT2b 358 (52) 324 (48) <0.001
cT2b/cT2c 193 (33) 387 (67)
>cT2c 46 (11) 355 (89)

Biopsy Gleason score, n (%)
<7 102 (57) 76 (43) <0.001
7 447 (46) 526 (54)
>7 96 (15) 551 (85)

NCCN risk categories, n (%)
Favourable intermediate risk 136 (68) 63 (32) <0.001
Unfavourable intermediate risk 369 (54) 318 (46)
High risk 146 (16) 774 (84)

HDR brachytherapy boost, n (%)
Yes 608 (36%) 1074 (64) 0.7
No 43 (35%) 81 (65)

Hospital type
Public 536 (34) 1054 (66) <0.001
Private 115 (53) 101 (47)

Hospital location
Regional 105 (22) 366 (78) <0.001
Metropolitan 546 (41) 789 (59)

Year of treatment, n (%)
2010 124 (50) 126 (50) <0.001
2011 105 (36) 186 (64)
2012 126 (32) 263 (68)
2013 116 (36) 210 (64)
2014 89 (30) 206 (70)
2015 91 (36) 164 (64)

Men with intermediate-risk PCa

Men with high-risk PCa
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Fig. 1 Proportion of men who received definitive radiotherapy and

androgen deprivation therapy (ADT). PCa, prostate cancer.
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age and the use of HDR brachytherapy boost did not appear
to influence the use of ADT in either men with intermediate-
or men with high-risk PCa. In the sensitivity analyses

(excluding men treated in private institutions), both men with
intermediate-risk and men with high-risk PCa treated in
public regional centres were still statistically significantly
more likely to receive ADT with RT compared with men
treated in public metropolitan centres.

Discussion
We have reported the pattern of use of ADT with definitive
prostate RT in the largest Australasian contemporary series,
using the population-based PCOR-VIC database (Table 3).
There were several important findings. Firstly, we observed
that >80% of men with high-risk PCa received ADT with
definitive RT, which is similar to findings in US populations
[13,14]. The role of ADT in the management of high-risk
PCa has been consistently shown in multiple randomized
controlled trials to be associated not only with improved
biochemical progression-free survival and metastasis-free
survival, but overall survival [2,3]. Despite the fact that the
combination of RT and ADT is firmly established as the
standard of care in men with high-risk PCa [16] and is well
supported by Level 1 evidence, ADT appears to be
underutilized in our population-based cohort, with one in five
men with high-risk PCa treated with definitive RT alone,
without ADT.

The role of ADT in men with intermediate-risk PCa is
slightly more controversial [18]. Two randomized trials,
published around the beginning of our study period, showed
overall survival benefits with short-term ADT in combination
with RT in men with intermediate-risk PCa [4,5]. In the
present study, we observed that ~40% of men with
intermediate-risk PCa received ADT with RT. It is, however,
well recognized that intermediate-risk PCa is heterogeneous,
and can be subdivided further into favourable and
unfavourable intermediate-risk PCa [17]. We observed that
one in three men with favourable and one in two with
unfavourable intermediate-risk PCa received ADT with
definitive RT in the present study. It is also interesting to
observe increased use of ADT in the men with intermediate-
risk PCa, both favourable and unfavourable, from 2010 to
2015, despite the controversies surrounding the use of ADT
in this group of patients. This is in contrary to the findings in
the US NCDB, which reported a decrease in ADT utilization,
from 50% in 2004 to 38% in 2012, among patients with
intermediate-risk PCa [13].

Given the controversies and clinical uncertainty of the
benefits of ADT in the heterogeneous group of patients with
intermediate-risk PCa, the NCCN guidelines recommend
dose-escalation RT with or without ADT as treatment options
for patients with intermediate-risk PCa [16]. Increasingly,
clinicians are substituting ADT with dose-escalation in men
with favourable intermediate-risk PCa [18]. A recent study
using the US NCDB data showed no overall survival benefits
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with the addition of ADT to modern dose-escalation RT in
>18 000 men with favourable intermediate-risk PCa [19]. A
possible explanation for omission of ADT in men with
favourable intermediate-risk PCa in the present cohort,
therefore, is that they received dose escalation RT. One of the
limitations of the present study, however, is the lack of
information on dose and fractionation to determine whether
dose escalation was associated with omission of ADT.

Another approach to achieving ‘dose escalation’ in prostate
RT is the use of HDR brachytherapy boost in combination
with external beam RT [20]. In fact, Chen et al. [14]
reported that HDR brachytherapy boost was one of the
strongest determinants of ADT omission in the US NCDB
[14]. In the present study, however, the use of HDR
brachytherapy boost was not associated with utilization (or
omission) of ADT in either men with intermediate-risk or
men with high-risk PCa. This could be attributable to the
lack of power to detect an association given the extremely
low rate of utilization of HDR brachytherapy boost in the
present cohort, with <7% of men receiving HDR
brachytherapy boost.

Another important finding in the present study is the notable
institutional variations in the use of ADT, with men treated
in public and regional centres more likely to receive ADT
with RT. The institutional variations in use of ADT were also
observed in the US population-based studies [13,14]. Using
the US NCDB, Falchook et al. [13] reported that patients in
the North-east of the USA were more likely to have ADT
compared with those in the South, while Chen et al. [14]
reported that patients treated in academic centres were less
likely to receive ADT. In a recent Italian multicentre study in
~1000 men with PCa treated with various methods, Morgia
et al. [21] also reported huge variation in ADT prescription
between different regions.

In the present study, the fact that patients in public and
regional centres were more likely to receive ADT suggests
that the observed institutional variation in ADT utilization is
unlikely to be attributable to inequality in access to healthcare
[22,23]. In fact, the cost of ADT in Australia is
inconsequential to men with PCa, given the universal
coverage by the national pharmaceutical funding scheme. One
of the important factors that often sways clinicians away from

Table 2 Multivariate logistic regression analysis of determinants of androgen deprivation therapy utilization with definitive prostate radiotherapy in men
with intermediate- and high- risk prostate cancer.

Intermediate-risk PCa High-risk PCa

Odds ratio (95%CI) P Odds ratio (95%CI) P

Age 0.99 (0.97–1.02) 0.7 0.98 (0.95–1.01) 0.2
PSA at diagnosis
<10 ng/mL 1 (reference) 1 (reference)
10–20 ng/mL 1.88 (1.38–2.58) <0.001 2.07 (1.28–3.33) 0.003
>20 ng/mL – – 7.23 (3.72–14.04) <0.001

Clinical T categories
<cT2b 1 (reference) 1 (reference)
cT2b/cT2c 2.26 (1.66–3.07) <0.001 1.65 (0.98–2.78) 0.06
>cT2c – – 3.82 (2.14–6.84) <0.001

Gleason score
<7 1 (reference) 1 (reference)
7 2.61 (1.66–4.12) <0.001 1.38 (0.54–3.52) 0.5
>7 – – 5.56 (2.10–14.77) 0.001

HDR brachytherapy boost (no/ yes) 1.05 (0.54–2.03) 0.9 0.80 (0.42–1.55) 0.5
Hospital location (metropolitan/ regional) 2.68 (1.86–3.85) <0.001 3.05 (1.65–5.65) <0.001
Hospital type (private/ public) 2.75 (1.43–5.30) 0.002 3.01 (1.69–5.37) <0.001
Year of treatment 1.11 (1.01–1.22) 0.04 1.06 (0.92–1.21) 0.4

HDR, high-dose-rate; PCa, prostate cancer.

Table 3 Population-based studies reporting on pattern of use of androgen deprivation therapy with definitive radiotherapy.

Year of study Study population PCa risk categories ADT utilization, % (year)

Falchook et al. [13] 2004–2012 NCDB database, US Intermediate risk (n = 54 849) 50 (2004)
38 (2012)

High risk (n = 41 092) 75 (2004)
80 (2012)

Present study 2010–2015 PCOR-Vic database, Australia Favourable intermediate risk (n = 199) 32
Unfavourable intermediate risk (n = 687) 46
High risk (n = 920) 84

ADT, androgen deprivation therapy; NCDB, US National Cancer Database; PCa, prostate cancer.
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prescribing ADT is the patients’ underlying medical
comorbidities and presence of contraindications to ADT.
ADT is known to be associated with multiple adverse effects
[24], ranging from a decrease in bone mineral density, to
metabolic changes, sexual dysfunction, increased incidence of
diabetes and risk of cardiovascular events [25], cognitive
impairment [26], Alzheimer’s disease [27,28], and depression
[29]. Data on comorbidities and contraindications for ADT
were not captured in the PCOR-Vic database; however, we
believe that the presence or absence of medical comorbidities
is unlikely to explain the observed regional variations in ADT
utilization in the present study, given that the prevalence of
chronic diseases, such as cardiovascular disease, is reported to
be much higher in the regional areas compared with
metropolitan areas [30], while we actually observed greater
use of ADT in regional centres. Another patient factor that
often influences clinicians’ recommendation for ADT is age,
with earlier studies suggesting that older patients were less
likely to have ADT with definitive RT [14]. In the present
study, however, there was no difference in age between those
who did and did not receive ADT.

A plausible reason for the observed metropolitan/regional
differences is varying patient preferences. This is especially
true in the era where patients are becoming increasingly
well informed of their treatment options and are more
involved in treatment decision-making [31]. In an
international survey of 441 clinicians across 19 countries on
the use of ADT for non-metastatic PCa, Liede et al. [32]
reported that patients’ wish to avoid ADT-induced side
effects, including decreased sexual function, are the main
reasons for the use of intermittent ADT as opposed to
continuous ADT. It is possible that patients in rural areas
are more likely to accept the side effects of ADT compared
with those in metropolitan areas, accounting for the lower
use of ADT with RT in metropolitan centres. While we
could not discount the possibility that individual
institutional protocol or practice culture may have
contributed to the observed variation in the use of ADT in
certain institutions, it seems a priori unlikely that multiple
metropolitan centres across the board are not adopting Level
1 evidence from multiple randomized trials in their clinical
practice. Another reason that institutional protocol or
practice culture alone is unlikely to result in the observed
differences, especially in the public institutions, is that many
regional centres are affiliated with metropolitan centres, and
the same radiation oncologists often practice in both
metropolitan and regional centres.

In addition, conventionally, centres with longer waiting times
for RT also tend to start patients on ADT while awaiting RT;
however, the PCOR-Vic database lacks the granularity on this
information for us to confirm or dispute this postulation.
Another potential explanation for the observed differences in
the use of ADT between institutions could be the inherent

nature of data collection in PCOR-Vic. All data were
collected by reviewing patients’ medical records, and the
accuracy of data on ADT utilization collected is dependent on
accurate documentation of this information in the medical
records. While we could not discount differential accuracies
in documentation between institutions, we believe that there
is unlikely to be significant misclassification of ADT
utilization, given that follow-up interviews were conducted at
regular intervals after treatment by trained data collectors to
confirm the treatment received by patients.

Equally critical in the evaluation of the pattern of use of
ADT is the timing and duration of ADT. For men with
high-risk PCa, multiple randomized controlled trials,
including RTOG 92-02, EORTC 22961 and TROG 03.04,
have all shown that short-term ADT (3–6 months) is
inferior to long-term ADT (1.5–3 years) [6,7,9,33], and for
men with intermediate-risk PCa, there are some data
suggesting that 6–8 months of ADT is superior to 3 months
of ADT [3,8]; however, there is little evidence as to whether
longer-term ADT in men with intermediate-risk PCa
provides further clinical benefits. Unfortunately, given the
nature of data captured in PCOR-Vic, there are no data on
duration or type of ADT used for each patient, which is
another limitation of this study.

In summary, this is the largest Australasian population-based
study on the contemporary use of ADT with definitive
prostate RT. ADT appears to be underutilized in certain
groups of patients who may benefit from ADT, with
approximately one in five men with high-risk and one in two
with unfavourable intermediate-risk PCa being treated with
RT alone without ADT. There was large institutional
variation in ADT utilization, which could be attributable to
clinicians and patients’ preference for avoiding the
morbidities associated with ADT. With the recent
establishment of the (inter)national Prostate Cancer Outcome
Registry-Australia and New Zealand (PCOR-ANZ), we will be
able to continue to evaluate the variations and changes in
practice pattern in PCa management, including the use of
ADT with definitive prostate RT in Australia and New
Zealand at large in the future [34].
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