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Objective
To characterize national clinical practice trends in the
treatment of prostate cancer (PCa) in Australia.

Patients and Methods
Population-level data were extracted from existing Medicare
Benefits Schedule data for radical prostatectomy (RP) and
brachytherapy (2002–2016), as well as external beam
radiotherapy (EBRT; 2012–2016). Treatment rates were
calculated relative to whole and PCa populations among
privately treated patients. Overall age-related and geographical
trends were analysed.

Results
The use of RP and low-dose-rate (LDR) brachytherapy
increased between 2002 and 2009, but subsequently decreased
to 124 and 6.9 per 100 000 men, respectively, in 2016. More

dramatic decreases were observed for men aged <65 years.
From 2012, rates of RP (15% drop) and LDR brachytherapy
(58% drop) decreased, while the use of EBRT remained
steady, falling by 5% to 42 per 100 000 men in 2016. Overall
treatment increased in the age group 75–84 years, with the
rate of RP increasing by 108%.

Conclusion
National claims data indicate there has been a reduction in
PCa treatment since 2009, which is mostly attributable to a
reduction in the treatment of younger patients and reduced
use of brachytherapy. RP is most commonly used and its use
is rising in men aged >65 years.
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Introduction
Prostate cancer (PCa) is the most commonly diagnosed non-
cutaneous cancer and third highest cause of cancer deaths in
Australian men [1–3]. Most patients are diagnosed with
localized disease, for which radical prostatectomy (RP),
radiotherapy (RT) and active surveillance (AS) are considered
appropriate management options, depending on the clinical
scenario [4]. The landscape of localized PCa management has
changed substantially in the 21st century in order to address
concerns regarding overtreatment of indolent PCa and
undertreatment of locally advanced PCa in men with
reasonable life expectancy [4,5].

Treatment of localized disease predominantly involves RP
with or without pelvic lymphadenectomy, while RT
approaches comprise external beam radiotherapy (EBRT), and

low-dose-rate (LDR) and high-dose-rate (HDR)
brachytherapy as monotherapy or in combination with EBRT.
While no differences have been observed in overall or cancer-
specific survival between surgical and RT approaches in
randomized data [6], comparative observational studies,
subject to selection bias, suggest an absolute survival benefit
for treatment by RP [7]. Health-related quality of life and
long-term symptom bother after treatment are similar, while
short-term erectile dysfunction and urinary incontinence
Health-related quality of life and long-term symptom bother
after treatment are similar, while short term erectile and
urinary incontinence are worse for RP, compared to bladder
and bowel symptoms which are worse for RT [7,8].

Variations in evidence interpretation and local governance
may result in variable treatment patterns and clinical
decision-making incorporating patient and clinician
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preferences [9,10]. International studies suggest there have
been changing patterns of care [11,12], with limited
Australian data available [9]. While significant changes have
been reported from a single state-based registry, without
mature data from the Prostate Cancer Outcomes Registry,
accurate definition of these changing patterns of care is yet to
be established at a national level. The aim of the present
study, therefore, was to describe national patterns of care in
the treatment of PCa in Australia, specifically with respect to
use of RP, EBRT and brachytherapy (LDR and HDR).

Methods
Data Sources

The Medicare Benefits Schedule (MBS) is an Australian
publicly funded health insurance scheme that provides
financial rebates to eligible patients for medical and allied
healthcare. The majority of claims are from the private
healthcare sector, supplemented with out-of-pocket payments
and private health fund reimbursement. MBS claims do not
include patients treated in public hospitals using public
hospital funding. Population estimates for each calendar year
were used according to the Australian Demographic Statistics
reported by the Australian Bureau of Statistics.

Data Collection

Medicare Item Reports (available from http://medicarestatistic
s.humanservices.gov.au/statistics/mbs_item.jsp) were queried
in May 2017 per calendar year from 2002 to 2016 for the
following item numbers:

• RP: 37210 (prostatectomy, radical, involving total excision
of the prostate, sparing of nerves around the bladder and
bladder neck reconstruction) and 37211 (37210, with pelvic
lymphadenectomy. Available from 2002);

• EBRT: 37217 (gold fiducial markers into the prostate; to
ensure reliability, this was used as a surrogate marker of EBRT
as the item numbers for EBRT treatments are not reliably
consistent between treatment courses. Available from 2012);

• LDR brachytherapy: 37220 (brachytherapy – LDR catheter
insertion, urologist claim; correlated to item numbers 15338
[brachytherapy of the prostate, radiation oncologist claim]
and 15539 [brachytherapy planning, computerized radiation
dosimetry for I125 seed implantation of localized prostate
cancer, in association with item 15338]. Available from 2002);

• HDR brachytherapy: 37227 (brachytherapy – HDR catheter
insertion. Available from 2007).

The proportion of national PCa cases reflected by this dataset
was calculated relative to PCa incidence according to
Australian Institute for Health and Welfare Australian Cancer
Incidence and Mortality books. Incidence data after 2014
were not available for inclusion.

Data were stratified as raw totals for each year per age group
(45–54, 55–64, 65–74, 75–84 years), collated in Excel and
described per 100 000 men aged 45–84 years for each state or
as a relative index, with 2012 taken as the baseline year (the
first year EBRT procedures were reported).

Data Analysis

Available data were used to calculate per capita estimates of
procedures performed for each age group and Australian state
where the service was provided. Ratios were calculated to
demonstrate relationships between procedures, including: LDR
brachytherapy:HDR brachytherapy; RP: LDR brachytherapy;
and RP:RT techniques (LDR brachytherapy and EBRT).

Figures were created using STATA version 12.0 SE (StataCorp.
College Station, TX, USA). As this retrospective study sought
to illustrate broad, longitudinal observations, formal statistical
testing of a priori hypotheses was not appropriate.

Results
Treatment Method by Population from 2002 to 2016

Overall

A monotonic yearly increase in RP and LDR brachytherapy
procedures occurred between 2002 and 2009, peaking at 165
and 18 procedures per 100 000 men, respectively. A steady
decline in both treatment methods followed, with 124 RPs
and 6.9 BT procedures per 100 000 men in 2016. Data for
EBRT were only available from 2012 to 2016, and its use
remained relatively stable, with a 5% drop, to reach 42 per
100 000 men in 2016. In the same period, use of RP fell by
15% and BT by 58%.

Stratified by Age Group

Use of treatment methods in men aged 45–54 and 55–
64 years followed the overall trends previously described
(Fig. 1). In patients aged 65–74 years, RP remained relatively
stable, EBRT declined slightly and BT fell by >50% after 2012
(Fig. 1). Conversely, in patients aged 75–84 years treatment
use has progressively increased since 2002. In this group, the
rate of RP has almost doubled in the last 5 years, while BT
and EBRT have only slightly increased (Fig. 2).

Incidence-Adjusted Treatment Rates Between 2012
and 2014

Overall

The obtained dataset accounted for treatment of
approximately half of the new cases of PCa in Australia
(47.4% in 2014; Fig. 2).
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Per Age Group

A small decrease was observed for the proportion of
patients aged 45–54 years receiving RP and EBRT (Fig. 3),
this was more than that observed for patients aged 55–

64 years. Among patients aged 65–74 years, there was an
increase in RP use (30–37.2%), while use of RT remained
stable (11.4–11.8%; Fig. 3). Both RP (4.6–8.3%) and RT
(16–19.8%; Fig. 3) utilisation increased for patients aged
75–84 years.

Fig. 1 Overall 15-year trends indexed to 100 at 2012 demonstrating overall reductions in treatment since 2010 for most age groups except 75–84 years.

EBRT, external beam radiotherapy; LDR, low-dose rate.

Fig. 2 National cancer treatment trends for radical prostatectomy (dark grey) and external beam radiotherapy (light grey) proportional to prostate

cancer (PCa) incidence from 2012 to 2014 for different age groups, as indicated.
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Comparison of Radical Prostatectomy and
Radiotherapy

To illustrate differences between utilisation of RP and RT,
ratios between treatments were calculated and graphed
against time (Fig. 4). An increasing RP:BT ratio was observed
for all age groups from 2010 (Fig. 4A). Similarly, a
progressive increase in RP:RT (with RT representing
combined EBRT and LDR brachytherapy) was observed for
men aged >55 years, with the greatest rate of changed
observed for men aged 75–84 years. Nonetheless, RT remains
the most commonly used treatment method in the latter age
group (RP:RT < 1).

Brachytherapy Trends

Following a peak in use in 2010 at 18.7 per 100 000 men,
LDR brachytherapy has become the least used treatment
method of the three studied at 6.9 per 100 000 men
(Figs 2 and 4). A steady decline was observed in the use
of both HDR brachytherapy (after peaking in 2008 at 10.8
to 2.6 per 100 000 men in 2016) and LDR brachytherapy
(18 per 100 000 men in 2010 to 7 per 100 000 men in
2016; Fig. 4A). Falls in LDR brachytherapy rates from their
peak to 2016 were most prominent in age groups 55–
64 years (25.7–6.2 per 100 000 men) and age 65–74 years
(44.3–15.5 per 100 000 men). LDR brachytherapy use
remained steady in men aged 75–84 years, declining only
slightly from a peak of 14.3–11.2 per 100 000 men. HDR
brachytherapy use fell in all age groups since it was first
described by the MBS in 2007, most prominently in age
groups 55–64 years (9.6–1.5 per 100 000 men) and 65–
74 years (24.0–5.1 per 100 000 men) and least in the oldest
age group 75–84 years (14.7–7.7 per 100 000 men). LDR
brachytherapy declined at a faster rate compared to HDR
brachytherapy. When age groups were considered, LDR
brachytherapy was consistently used more for men aged
<75 years, while men aged 75–84 years were treated more
with LDR brachytherapy from 2012 (Fig. 4B).

Discussion
The landscape of PCa management has evolved over the past
two decades toward an individualized, patient-centred
approach, comprising multiple management options. Our
data show that the overall population-adjusted treatment rates
for PCa have decreased since 2010, but the proportion of
men with PCa being treated has increased. This is probably
attributable to decreased PSA testing [13], resulting in
reduced PCa diagnosis across Australia (from 197.4 per
100 000 men in 2009 to 140.2 per 100 000 men in 2014) [2],
and potentially to a decrease in diagnosis of low-risk, or
clinically insignificant PCa. Furthermore, reduced treatment
in younger men is probably attributable to increased uptake
in AS, given international and local data supporting their
tendency to be used for lower-risk disease [14]. The increase
in proportion of men with PCa being treated was mostly
attributable to an increase in RP in men aged 65–74 years,
and an increase in both RP and RT in men aged 75–84 years.
This increase in treatment for older patients is in keeping
with increasing life expectancy and support from
international guidelines, which recommend treatment in men
with life expectancy >10 years with clinically significant
disease [4,15].

Without clear benefit of one method over another according
to level 1 evidence considering oncological [6] or quality-of-
life aspects [8], variability in PCa treatment utilisation is

Fig. 3 Trends in surgery (radical prostatectomy; RP) relative to

radiotherapy techniques (RT) by age group expressed as a ratio of RP to

(A) low-dose-rate (LDR) brachytherapy (2002–2016) or (B) LDR

brachytherapy + external beam radiotherapy (EBRT; 2012–2016).

Fig. 4 Brachytherapy-specific trends over 2007 to 2016. (A) Number of

each procedure per 100 000 men. (B) Comparison of low-dose-rate (LDR)

brachytherapy and high-dose-rate (HDR) brachytherapy, presented as a

LDR:HDR ratio by age group.
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likely to persist. In the present study, RP was observed to be
the favoured option for treating PCa in men aged <75 years.
In addition, in the last 5 years, an increase in use of RP
relative to RT was observed, with the sharpest rise in men
aged >75 years. These trends are corroborated by
international data, with an overall increase in the use of RP
and decrease in RT having been observed in the USA and
Germany, both overall and for men aged >69 years [12]. RP
is used more commonly than RT in Germany, even in the
latter age group [12]. The increased uptake of robotic surgery
may have also contributed to the increased proportion of
surgery in older men [16]. Several cohorts of older men
undergoing robot-assisted RP have now been published
showing short- and long-term outcomes that are similar or
only slightly inferior to those shown in younger men [17].
Indeed, patients report high satisfaction with robot-assisted
RP (97.6%) and are likely to recommend this treatment
(91.1%), which may further account for patient choice in this
population [18]. Furthermore, side effects from RT can result
in significant morbidity for patients, including local toxicity
resulting in emergency admissions that may require surgery
(clot evacuation, urethral dilatation) or definitive
reconstructive surgery [19,20], as well as systemic toxicity
from androgen deprivation therapy, which may further deter
men from this choice of treatment.

A dramatic decline in brachytherapy was observed nationally,
with HDR brachytherapy declining faster than LDR
brachytherapy across all age groups. Globally there has been
an observed decline in brachytherapy, specifically in
population-based studies in the USA [21], including an
estimate from a peak of 31.7% to 11.1% in one study [11],
and from 17% in 2002 to a low of 8% in 2010 [22]. From an
efficacy perspective, several clinical studies have shown
excellent long-term biochemical disease control rates for both
LDR brachytherapy and HDR brachytherapy, with
brachytherapy shown to be as effective as surgery [23–25].
The reduced brachytherapy use observed in the present study
probably reflects variation in funding and expertise for
brachytherapy uptake and decentralization of radiation
services as well as wider use of EBRT with intensity-
modulated RT [26]. Increased use of EBRT has been observed
in the USA, from 11.6% to 24% in the same period [27].
Reasons for these trends may include changes in PSA testing,
use of MRI and prostate biopsy, AS, robotic surgery and
newer focal therapies (such as Cyberknife or irreversible
electroporation [28]) that may be better clarified after further
analysis with the maturation of the Prostate Cancer
Outcomes Registry of Australia and New Zealand [10,29].

Limitations of the present study include a lack of individual
patient data regarding disease, patient and treatment (e.g.
definitive, adjuvant or salvage treatment) factors. Furthermore,
treatment in the private health sector is described, thus public
treatment data were not included. The use of Medicare Claims

data to capture prostate cancer treatment choices had been
previously validated in a state-wide data linkage study [30].
The trends observed in the present study are similar to those
reported in a study from Victoria that demonstrated a
declining trend in RP for both public and private data, in
which up to 75% of RPs were performed privately [31].
Despite these similarities, the treatment patterns described in
the present study may not reflect those across Australia, but
only the pattern of the private sector, which accounts for
treatment of almost 50% of PCa diagnoses, as shown in Fig. 2.
While it has been estimated that the private sector accounts
for 40% of PCa treatment with RT, despite using more
treatment centres, we were unable to determine patient-level
differences to gauge whether public and private patients
display appreciable clinical differences. Reported treatment
proportions relative to diagnoses may underestimate true
prevalence because of an inability to account for those
enrolled in or converting from AS and watchful waiting
approaches. The estimates for EBRT were determined using
the surrogate claim number for ‘gold fiducial markers into the
prostate’ as the claim number for EBRT does not select for
primary, adjuvant/salvage or palliative treatments. The
estimates may comprise a small proportion of patients
undergoing salvage RP after RT; however, these numbers are
unlikely to contribute significantly to the overall estimates.
While estimates could not be adjusted for individual patients
and pathological considerations, these limitations have been
adjusted for by using overall population and PCa incidence
estimates wherever possible.

In conclusion, national claims data indicate that, while the
population-adjusted active treatment rate for PCa has
decreased, in line with reduction in diagnoses/incidence, the
proportion of diagnosed men receiving active treatment has
increased since 2009. RP remains the most common
treatment method overall, and its use is rising in men aged
>65 years. The proportion of men aged >75 years receiving
active treatment is rising as a result of increases in use of RP
and RT. Brachytherapy use has declined in sharply, while use
of EBRT is relatively stable. Further data are required on
stage migration, resource utilization and availability, and
individual patient financial considerations to account for
variability in treatment patterns.
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