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Patterns of care for men with prostate cancer: the 45 
and Up Study
Mei Ling Yap1,2,3 , Dianne L O’Connell2,3, David E Goldsbury2,3, Marianne F Weber2,3, David P Smith2,3, Michael B Barton1

Prostate cancer is the most frequently diagnosed cancer 
in Australian men; about 19 508 cases were diagnosed in 
2019.1 Treatment options include surgery, radiotherapy, 

and active surveillance. Survival rates for men with localised 
prostate cancer are similar with all options, but the side effects 
profiles differ markedly, including higher rates of urinary incon-
tinence and sexual dysfunction after surgery and of rectal bleed-
ing after radiotherapy.2,3

Population- based studies of patterns of care in Victoria and 
South Australia (2016)4 and Victoria alone (2020)5 have been 
published, but the only recent population- based study of fac-
tors associated with prostate cancer treatment types in New 
South Wales investigated the treatment of Aboriginal men.6 
Further, the factors that determine the type of treatment re-
ceived by men with prostate cancer, and the consequent costs, 
have been subjects of controversy.7,8 The aims of our study 
were therefore to describe the patterns of care for men in the 
NSW 45 and Up Study with prostate cancer, and to ascer-
tain the factors associated with receiving different types of 
treatment.

Methods

A total of 267 153 NSW men and women aged 45 years or more 
were enrolled in the 45 and Up Study of the Sax Institute, Sydney, 
during January 2006 –  December 2009.9 The 45 and Up Study 
is a large cohort study of people aged 45 or more investigating 
exposures and outcomes of public health importance for older 
people. Prospective participants were randomly selected from 
the Services Australia (formerly the Australian Department of 
Human Services) enrolment database. Enrolled participants com-
pleted a postal baseline questionnaire comprising 58 questions 
about health, lifestyle, and socio- demographic characteristics 
and consented to linkage of their data with administrative health 
datasets.

Data collection and linkage

The record linkage undertaken has been described previously.10 
The datasets linked to the 45 and Up Study baseline question-
naire data were:

• Medicare Benefits Schedule (MBS) claims, to June 2016;

• Pharmaceutical Benefits Scheme (PBS) claims, to June 2016;

• the NSW Cancer Registry, to December 2013;

• the NSW Admitted Patient Data Collection (APDC; public and 
private hospital inpatient services), to June 2016; and

• the NSW Register of Births, Deaths and Marriages, for deaths 
to June 2016.
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Abstract
Objectives: To describe patterns of care in New South Wales for 
men with prostate cancer, and to ascertain factors associated with 
receiving different types of treatment.
Design: Individual patient data record linkage study.
Setting, participants: 4003 New South Wales men aged 45 years 
or more enrolled in the population- based 45 and Up Study in whom 
prostate cancer was first diagnosed during 2006– 2013.
Main outcome measures: Prostate cancer treatment type 
received; factors statistically associated with treatment received; 
proportions of patients who consulted radiation oncologists prior to 
treatment.
Results: In total, 1619 of 4003 patients underwent radical 
prostatectomy (40%), 893 external beam radiotherapy (EBRT) 
(22%), 183 brachytherapy (5%), 87 chemotherapy (2%), 
373 androgen deprivation therapy alone (9%), and 848 no 
active treatment (21%). 205 of 1628 patients who had radical 
prostatectomies (13%) had radiation oncology consultations prior 
to surgery. Radical prostatectomy was more likely for patients 
aged 45– 59 years, with regional stage disease, living 100 km or 
more from the nearest radiotherapy centre, having partners, or 
having private health insurance, while lower physical functioning, 
obesity, and living in areas of greater socio- economic disadvantage 
reduced the likelihood. EBRT was more likely for patients aged 
70– 79 years, with non- localised or unknown stage disease, living 
less than 100 km from the nearest radiotherapy centre, or not 
having private health insurance, while the likelihood was lower for 
patients aged 45– 59 years or more than 80 years and for those 
who had several comorbid conditions.
Conclusions: Men with prostate cancer were twice as likely to have 
radical prostatectomy as to receive EBRT, and fewer than one in 
seven had consulted radiation oncologists prior to prostatectomy. 
The treatment received was influenced by several socio- 
demographic factors. Given the treatment- specific side effects 
and costs, policies that affect access to different treatments for 
prostate cancer should be reviewed.

The known: No recent population- based studies of factors 
associated with different types of treatment for men with 
prostate cancer have been undertaken in New South Wales.
The new: Men in NSW aged 45 years or more with prostate 
cancer were twice as likely to undergo radical prostatectomy as 
external beam radiotherapy, and few had consulted radiation 
oncologists prior to surgery. The treatment type received was 
influenced by socio- demographic factors, including having private 
health insurance.
The implications: Given the differing side effects and costs of 
the treatment options, health policies regarding the treatment of 
prostate cancer should be re- examined.
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The MBS and PBS datasets were linked to the baseline ques-
tionnaire data using a unique identifier supplied to Services 
Australia; the other three datasets were probabilistically linked 
by the Centre for Health Record Linkage using a method that 
preserved anonymity.11

45 and Up Study participants with incident primary prostate can-
cers diagnosed after completing the baseline questionnaire were 
identified in the NSW Cancer Registry. We excluded patients who 
held Department of Veterans’ Affairs health cards, as their MBS/
PBS claims data would be incomplete. Patients were also excluded 
if they had more than one incident cancer or had previously un-
dergone radiotherapy, if the month of diagnosis was unknown, or 
if they had been diagnosed from their death certificate.

Patients were deemed to have received radical prostatectomy, 
external beam radiotherapy (EBRT), high or low dose rate 
brachytherapy if corresponding MBS or APDC items were re-
corded after the diagnosis date; to have received chemotherapy 
if corresponding MBS, APDC or PBS items were recorded after 
the diagnosis date; and to have received androgen deprivation 
therapy if corresponding PBS items were recorded after the di-
agnosis date. Patients without recorded items for EBRT, radical 
prostatectomy, high or low dose brachytherapy, chemotherapy, 
or androgen deprivation therapy were deemed to have received 
no active treatment.

Patients were categorised as having radiation oncologist consulta-
tions if MBS items for either radiation oncology specialist or ra-
diation oncology consultant physician attendances were recorded.

Socio- demographic, socio- economic, and health 
characteristics

The period of observation for each patient was the time from 
prostate cancer diagnosis to 30 June 2016. Socio- demographic 
and socio- economic data12 were derived from the baseline ques-
tionnaire responses. “Patients without private health insurance” 
included those who held health care cards or had Medicare cov-
erage only. Area- level socio- economic status (Index of Relative 
Socioeconomic Disadvantage13) was based on participants’ place 
of residence. Functional limitations were assessed in the base-
line questionnaire with the Medical Outcomes Study (MOS) 
SF- 36 physical functioning scale (PF10; score of 100 = no limi-
tations).14 Comorbidity data (Charlson comorbidity index) were 
derived from diagnosis codes recorded in the APDC dataset, as 
previously described;12 data for other health factors were de-
rived from the baseline questionnaire responses.

Statistical analysis

Adjusted subdistribution hazard ratios for receiving radical prosta-
tectomy and radiotherapy were separately estimated (with 95% con-
fidence intervals [CIs]) by competing risks survival regression, with 
death from any cause as the competing risk and including age at di-
agnosis, cancer stage, and each socio- demographic, socio- economic 
and health characteristic in turn.15 Multivariable regression with 
purposeful variable selection was then undertaken by adding sta-
tistically significant socio- demographic, socio- economic and health 
variables, together with age and cancer stage. Proportional hazards 
assumptions were examined. Missing data were managed as de-
scribed previously.12 For variables with large numbers of missing 
responses (“need help with daily tasks”, body mass index), a sepa-
rate “missing” category was included. For other variables, missing 
responses were not included in the analysis.

Analyses were performed in SAS 9.4 or Stata 16.0.

Ethics approval

The 45 and Up Study was approved by the University of New 
South Wales Human Research Ethics Committee (reference, 
10186) and the NSW Population and Health Services Research 
Ethics Committee (reference, 2014/08/551).

Results

After record linkage and exclusions, 4003 men with new pros-
tate cancer diagnoses during 2006– 2013 were included in our 
study (Box 1); 641 patients with prostate cancer (13.8%) were 
excluded because they held Department of Veterans’ Affairs 
health cards health cards. Median follow- up time since diagno-
sis was 5.4 years (interquartile range [IQR], 3.9– 6.8 years). The 
median age of participants was 68 years (IQR, 62– 75 years); 1588 
(40%) were aged 60– 69 years, and 2207 (55%) had localised can-
cers (Box 2).

Treatment

In total, 1619 of 4003 patients (40%) underwent radical prostatec-
tomy, including 1036 of 2207 men with localised cancer (47%). 
EBRT was received by 893 patients (22%), including 433 with lo-
calised cancer (20%); 183 received low or high dose rate brachy-
therapy (5%), 87 chemotherapy (2%), 373 androgen deprivation 
therapy alone (9%), and 848 no active treatment (21%) (Box 3). 
Of the 1466 patients with APDC codes for radical prostatectomy, 
1117 underwent radical prostatectomy in private hospitals (76%) 
and 349 in public hospitals (24%).

Radiation oncology consultation

Of the 1787 patients who had radiation oncology consultations 
(45%), 1298 had EBRT (72%) and 98 low dose rate brachytherapy 
only (5%). Of 1628 patients who had radical prostatectomy alone 
or with other treatments, 535 had radiation oncology consulta-
tions at some point (33%), including 205 prior to radical prosta-
tectomy (13%). For the 1041 patients with localised disease who 
underwent radical prostatectomy alone or together with other 
treatments, 287 had radiation oncology consultations (28%), in-
cluding 129 prior to radical prostatectomy (12%).

Factors associated with type of treatment

Multivariable regression analyses for undergoing radical prosta-
tectomy or EBRT, adjusted for age and stage of disease, are sum-
marised in table 1 in the online Supporting Information.

In the full multivariable analysis, factors associated with greater 
likelihood of radical prostatectomy were age 45– 59 years, re-
gional stage disease, living 100  km or more from the nearest 
radiotherapy centre, being partnered or married, and having 
private health insurance; lower physical functioning (PF10 score 
below 90), obesity, and living in areas of greater socio- economic 
disadvantage (Index of Relative Socioeconomic Disadvantage 
quintiles 3 and 5) were associated with lower likelihood of radi-
cal prostatectomy (Box 4).

In the full multivariable analysis, factors associated with greater 
likelihood of EBRT were age 70– 79 years, non- localised or un-
known stage disease, living less than 100 km from the nearest 
radiotherapy centre, and not having private health insurance. 
Age 45– 59 years or greater than 80 years, and having two or 
more comorbid conditions were each associated with lower 
 likelihood of EBRT (Box 5).
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We identified minor violations of the proportional hazards as-
sumptions, and therefore conducted multivariable analyses for 
each outcome at three and 12 months’ follow- up. The results of 
these analyses did not markedly differ from those of our major 
analyses (Supporting Information, tables 2 and 3).

Discussion

Among 4003 NSW men aged 45 years or more who were diag-
nosed with prostate cancer during 2006– 2013, the proportion who 
had radical prostatectomies was almost twice as large as that of 
patients who received EBRT for primary treatment, and the dif-
ference was even more marked for patients with localised dis-
ease. Similar proportions underwent radical prostatectomy and 
EBRT in earlier Australian studies.4,5 In contrast, EBRT was twice 
as common as radical prostatectomy in a British study,16 while 

the use of radical prostatectomy was similar to that of EBRT or 
brachytherapy in a recent American study.17 The differences be-
tween Australia and these countries may be partly explained 
by differences in their health systems and costs reimbursement 
schedules. In the United Kingdom, most radical prostatectomies 
and EBRT are delivered by the National Health Service (NHS),16 
which provides uro- oncology clinics in which patients are seen 
by both urologists and radiation oncologists,18 and there are no 
financial incentives for treating doctors to recommend particular 
treatments. In the United States, the use of intensity- modulated 
radiotherapy (a form of EBRT) has increased; this may be partly 
because urologists can own practices offering this treatment, 
to which they can refer their own patients.19 In Australia, most 
radical prostatectomies are performed in private hospitals, and 
patients incur out- of- pocket costs, whereas most EBRT is under-
taken in public hospitals, at no cost to the patient.

1 Selection of men in the 45 and Up Study with incident prostate cancer diagnosed 2006– 2013

ARIA = Accessibility Remoteness Index of Australia;29 ADT = androgen deprivation therapy; APDC = New South Wales Admitted Patient Data Collection; DVA = Department of Veterans’ Affairs; 
EBRT = external beam radiotherapy; HDR = high dose rate; LDR = low dose rate; MBS = Medicare Benefits Schedule; NSWCR = New South Wales Cancer Registry; PBS = Pharmaceutical Benefits 
Scheme. ◆
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Although survival rates after radical prostatectomy and EBRT 
are similar,2 their side effects profiles differ markedly.3,20 Rates of 
patient- reported urinary incontinence requiring pads are higher 
six years after radical prostatectomy than after EBRT (17% v 4%) and 
potency rates lower (17% v 27%); the rate of bloody stools is higher 
after EBRT (6% v 1%).3 EBRT has also been associated with higher 
rates of hospitalisation and second malignancies.20 However, EBRT 
is less invasive than radical prostatectomy, and can be performed as 
an outpatient procedure without anaesthesia. Side effects of treat-
ment for prostate cancer can be associated with decision regret.21

Given the impact these differences may have on quality of 
life, patients should be informed about all treatment options. 
However, only 13% of patients in our study who had radical 
prostatectomies had had radiation oncology consultations be-
fore the operation. This suggests that most patients who have 
radical prostatectomies do so without being advised by radi-
ation oncologists about EBRT, an equally effective alternative. 
A recent NSW study found that deciding between radical 
prostatectomy and EBRT by prostate cancer patients largely 
depended on their urologists’ recommendations.22 In addi-
tion, patients erroneously believe that radical prostatectomy 
provides a greater chance of cure than EBRT.22 A Canadian 
study found that patients who saw both a urologist and a ra-
diation oncologist were more likely to undergo radiotherapy 
than those who saw only a urologist.23

We found that having private health insurance was associated 
with undergoing radical prostatectomy, and patients without 
insurance were more likely to receive EBRT. Three- quarters 
of patients who had radical prostatectomies did so in private 
hospitals. Patients in Australia receive private health insurance 

rebates for radical prostatectomy, but not for EBRT. Having 
private health insurance and being able to bear out- of- pocket 
costs may therefore influence the type of treatment received. 
Our finding that patients from socio- economically more dis-
advantaged areas were less likely to have radical prostatec-
tomies is consistent with this view. Having private health 
insurance has been associated with higher out- of- pocket costs 
for Australian patients with prostate cancer.8 A 2005 study in 
Western Australia found that men admitted to private hospitals 
were twice as likely to undergo radical prostatectomy as men 
treated in public hospitals.24 A UK study similarly found that 
patients diagnosed in private hospitals were more likely to un-
dergo radical prostatectomy in preference to EBRT than those 
diagnosed in the NHS.25 Increasing patients’ access to radical 
prostatectomy in the NSW public health system could remove 
some of the socio- economic barriers to receiving this treatment.

Several other characteristics were found to influence the type of 
treatment received. Patients with partners were more likely to 
have radical prostatectomies, as also reported by an American 
study;26 the perceptions of the patient and their partners or care-
givers of the benefits and risks of radical prostatectomy for men 
with partners may be important. Patients who lived 100 km or 

2 Characteristics at diagnosis for 4003 men diagnosed in 
New South Wales with incident prostate cancer, 2006–2013

Characteristic

Stage

Localised 2207 (55%)

Regional 410 (10%)

Distant 115 (3%)

Unknown 1271 (32%)

Age (years)

45– 59 656 (16%)

60– 69 1588 (40%)

70– 79 1223 (31%)

80 or more 536 (13%)

Year of diagnosis

2006 71 (2%)

2007 105 (3%)

2008 409 (10%)

2009 715 (18%)

2010 652 (16%)

2011 679 (17%)

2012 683 (17%)

2013 689 (17%)

3 First active treatment of men diagnosed in New South Wales 
with incident prostate cancer, 2006– 2013

EBRT = external beam radiotherapy; HDR = high dose rate; LDR = low dose rate. * Patients 
who were treated with prostatectomy, EBRT, brachytherapy, or chemotherapy may have 
also used neoadjuvant androgen deprivation therapy. † Includes patients under active 
surveillance. ◆
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4 Characteristics associated with undergoing radical prostatectomy for prostate cancer diagnosed in New South Wales, 2006– 2013 
(N = 3774): multivariable analysis, fully adjusted*

ARIA = Accessibility Remoteness Index of Australia;29 CI  =  confidence interval. *  Adjusted for all other health, socio- demographic, and socio- economic factors; data for 229 men 
were not included because of missing data for one or more variables without a missing data category. † Socio- economic Indexes for Areas (SEIFA), Index of Relative Socioeconomic 
Disadvantage 2006.13 ◆
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5 Characteristics associated with receiving external beam radiotherapy for prostate cancer diagnosed in New South Wales, 
2006– 2013 (N = 3774): multivariable analysis, fully adjusted*

ARIA = Accessibility Remoteness Index of Australia;29 CI = confidence interval.  * Adjusted for all other health, socio- demographic, and socio- economic factors; data for 229 men were not 
included because of missing data for one or more variables without a missing data category. † Socio- economic Indexes for Areas (SEIFA), Index of Relative Socioeconomic Disadvantage 
2006.13 ◆
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more from a radiotherapy centre were less likely to receive EBRT, 
suggesting access problems. Patients who worked fulltime were 
also less likely to undergo EBRT, probably because traditional 
EBRT regimens typically require daily treatment over nine weeks. 
The development of shorter stereotactic treatments delivered over 
one or two weeks may reduce the logistic problems for fulltime 
employees considering EBRT. Finally, we found that age, number 
of comorbid conditions, body mass index, and level of physical 
functioning each influenced the type of treatment received by pa-
tients, possibly reflecting their general fitness for treatment.

Limitations

One limitation of our study was the lack of clinical detail in the 
linked data, including TNM category and Gleason score; we were 
consequently unable to examine treatment patterns for specific 
risk groups. We were also unable to determine which patients 
not receiving active treatment were on active surveillance (close 
monitoring with regular prostate- specific antigen tests or biop-
sies) or watchful waiting (management predominantly according 
to symptoms). The proportion of men with localised cancer not 
receiving active treatment (20%) was lower than in some other 
reports (low risk cancers, 44%);4 the reasons for the difference are 
unclear. We analysed data from the 45 and Up Study, in which 
the participation rate was about 18%;9 the proportions of people 
aged 80 years or more, people living in rural or remote areas, and 
people with higher incomes were higher than in the general NSW 
population. However, it has been reported that, despite some dif-
ferences in outcomes from another NSW study with a higher re-
sponse rate, the exposure–outcome relationships were similar.27 
Further, we excluded the 13.8% of patients with prostate cancer 
with Department of Veterans’ Affairs health cards, who were of 
higher median age than the patients included in our study; fur-
ther, a larger proportion lived in higher socio- economic status 
areas, and all have private insurance (data not shown). One- third 
of patients in our study had been diagnosed with prostate can-
cer before 2010; however, we found no association between year 
of diagnosis and type of treatment received, suggesting that our 
findings based on 4003 patients are relevant to clinical practice. 
Socio- demographic and health characteristics data were based 
on baseline questionnaire responses, and we could not adjust for 
changes in these characteristics by the time of prostate cancer di-
agnosis. Finally, we were unable to account for patient preference, 
which also influences the type of treatment received.

Conclusion

We identified several socio- demographic and socio- economic 
characteristics that may influence the type of treatment re-
ceived by men with prostate cancer in NSW. This is an im-
portant public health question, given the potential harms 
of treatment, including long term side effects3,20,21 and the 
financial costs.8 The Prostate Cancer Outcomes Registry of 
Australia and New Zealand (PCOR- ANZ) is rapidly becom-
ing a useful source of population- wide clinical, treatment, and 
outcomes data.28 Linking the data sources we used with the 
PCOR- ANZ could help further advance our knowledge of the 
consequences of the referral patterns we have described, in-
cluding for patient- reported quality of life. The restricted ac-
cess of patients in rural and remote regions to radiotherapy 
should be remediated by appropriate cancer services plan-
ning, telemedicine, and assistance with transport and ac-
commodation. Our findings also suggest that patients do not 
typically consult both urologists and radiation oncologists 
about treatment choices; several uro- oncology specialist clin-
ics have been established in Australia to help overcome this 
problem.22 We need education programs to ensure that pa-
tients, their partners and caregivers, and their physicians are 
fully informed about all treatment options. Finally, associa-
tions between socio- economic factors and treatment received 
suggest the need to review policies that affect access to the 
different treatment options for men with prostate cancer in 
Australia.
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