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Abstract

Objective: To characterise the practice of active surveillance
(AS) for men with low risk prostate cancer by examining the
The known Active surveillance is increasingly employed to
manage men with low risk prostate cancer, both to avoid
characteristics of those who commence AS, the rate of
adherence to accepted AS follow-up protocols over 2 years, and
factors associated with good adherence.

Design, setting: Retrospective cohort study; analysis of data
collected from 38 sites participating in the Prostate Cancer
Outcomes RegistryeVictoria.

Participants: Men diagnosed with prostate cancer between
August 2008 and December 2014 aged 75 years or less at
diagnosis, managed by AS for at least 2 years, and with an ISUP
grade group of 3 or less (Gleason score no worse than 4 þ 3 ¼ 7).

Main outcome measures: Adherence to an AS schedule
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unnecessary treatment and to monitor them in a manner that
allows detection of progression that would justify deferred
radical treatment.

The new Active surveillance was not implemented
according to published protocols in 73.5% of men
diagnosed with low risk prostate cancer in this Victorian
cohort study.

The implications The reasons for poor adherence to active
surveillance require further investigation. It may reflect patient-,
clinician-, and health service-related factors. Lack of
surveillance increases the risk that menmiss the opportunity to
be treated with curative intent.
consisting of at least three PSA measurements and at least one
biopsy in the 2 years following diagnosis.

Results: Of 1635 men eligible for inclusion in the analysis, 433
(26.5%) adhered to the AS protocol. The significant predictor of
adherence in the multivariate model was being diagnosed in a
ow risk prostate cancer is increasingly being managed with

active surveillance (AS). The objectives of AS are to avoid
 private hospital (v public hospital: adjusted odds ratio [aOR],
1.83; 95% CI, 1.42e2.37; P < 0.001). Significant predictors of non-
adherence included being diagnosed by transurethral resection
of the prostate (v transrectal ultrasound biopsy [TRUS]: OR,
0.54; 95% CI, 0.39e0.77; P < 0.001) or transperineal biopsy (v
TRUS: OR, 0.32; 95% CI, 0.19e0.52; P < 0.001), and being 66
years of age or more at diagnosis (v < 55 years: OR, 0.65;
95% CI, 0.45e0.92; P ¼ 0.015).

Conclusion: Almost three-quarters of men who had prostate
cancer with low risk of disease progression did not have follow-
up investigations consistent with standard AS protocols. The
clinical consequences of this shortcoming are unknown.
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L unnecessary treatment, but to monitor men with low risk
cancer according to a protocol that facilitates recognition of
progression which justifies deferred radical treatment with
curative intent.1

While AS has become an accepted management tool, evidence for
the optimal frequency of monitoring and the most appropriate
triggers for intervention is scarce.2 Several AS protocols and
guidelines with differing inclusion and follow-up criteria have
been published (Box 1). The recommended frequency for
measuring prostate-specific antigen (PSA) levels ranges from
every 32,3,5 to every 6 months,7,8 and the European Association of
Urology guidelines acknowledge that the available evidence is
inadequate for defining optimal timing.6 It is generally accepted,
however, that the first follow-up biopsy should be undertaken
within 12 months of diagnosis;2-5,7 the recommended timing of
subsequent biopsies ranges from annually5 to once every 5 years.7

The main shortcoming of all AS protocols and guidelines is that
they have not been validated in randomised controlled trials.2

While immediate and delayed treatment of prostate cancer have
been compared in cohort studies,9-11 the investigations did not
directly compare different AS protocols or assess adherence.

The Prostate Cancer Outcomes RegistryeVictoria (PCOR-Vic),
formerly the Victorian Prostate Cancer Clinical Registry, was
established in 2009 to improve knowledge of patterns of care and
outcomes for men diagnosed with prostate cancer in Victoria.12

Men are eligible for inclusion if they have a diagnosis of prostate
cancer, have presented for diagnosis or treatment at a recruiting
hospital, and are being treated by a clinician who has provided
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After ethics approval has been granted, a hospital authorises the
Victorian Cancer Registry (VCR) to release all prostate cancer no-
tifications from that hospital to PCOR-Vic. Ethics approval for the
PCOR-Vic was initially granted in March 2009, with permission to
retrospectively collect data for men diagnosed from August 2008.
The PCOR-Vic is able to assess the population coverage of its data
by comparing themwith summary notification data from the VCR
for men who have received a diagnosis of malignant neoplasm of
the prostate (International Classification of Diseases [ICD] code
C61) or forwhom a prostate biopsy pathology result was reported.
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with prostate cancer in Victoria.
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1 Published peer-reviewed active surveillance protocols for men with low risk prostate cancer

Protocol or guideline PSA assessment frequency Biopsy frequency

Dall’Era et al (2008)3 Every 3e4 months 12 months, then every 1e2 years as indicated
by PSA result examination

National Institute for Clinical Effectiveness
(NICE) (2014)4

Every 3e4 months during first year, then
every 3e6 months

12 months after diagnosis

Prostate Cancer Research International
Active Surveillance (PRIAS) (2014)5

Every 3 months for first 2 years, then every
6 months

12 months, 4, 7 years after diagnosis

Cancer Council Australia Wiki (2015)2 Offer monitoring with PSA testing every
3 months

Reclassification biopsy 6e12 months after starting
active surveillance; then every 2e3 years

European Association of Urology
(EAU) (2015)6

Timing not defined* Annually*

National Comprehensive Cancer Network
(NCCN) (v3.2016)7

Every 6 months Within 6 months, then annually

UpToDate (2016)8 Every 3e6 months 12 months after diagnosis, then every 2e5 years

PSA ¼ prostate-specific antigen. * Follow-up should be based on digital rectal examination, PSA levels, and repeat biopsies; optimal follow-up interval is still unclear. u

Research
M
JA

2
0
8

(1
0
)

j
4
Ju
n
e
2
0
18

440
the United States by the Michigan Urological Surgery Improve-
ment Collaborative (MUSIC) (49%)14 and the CaPSURE registries
(40%),15 but lower than reported in Sweden (74%).16 However, the
frequency of PSA testing and repeat biopsy inVictoria has not been
reported. The aim of our study was therefore to characterise the
practice of AS for men diagnosed with low risk prostate cancer in
Victoria by examining the characteristics of those who commence
AS, the rate of adherence to accepted AS follow-up protocols (ie,
adequate active surveillance) over a 2-year period, and the factors
associated with good adherence.
Methods

Study population
We analysed data from the Prostate Cancer Outcomes
RegistryeVictoria (PCOR-Vic).12Menwere eligible for inclusion in
our study if they were diagnosed with prostate cancer between
August 2008 andDecember 2014, ensuring that all participants had
had at least 2 years’ follow-up; had AS recorded by their treating
specialist as the primary management plan for their disease; were
no more than 75 years old at diagnosis; had an initial International
Society of Urological Pathology (ISUP) grade group of 3 or less
(Gleason score no worse than 4 þ 3 ¼ 7); and did not transition to
active treatment or die during the 2 years following diagnosis.

The PCOR-Vic recruitment strategy and data collection methods
have been described previously.12 Since August 2008, all men
diagnosed with prostate cancer in recruiting hospitals and alive at
the time of medical record review are sent a letter inviting partic-
ipation in the registry and including instructions on how to decline
participation; the opt-out rate is 2.6%.12 Diagnosis and treatment
details are collected from medical records of hospitals and private
consulting rooms by trained data collectors 6e10 months after
diagnosis, and men are telephoned 12 months after diagnosis to
confirm treatment details and their most recent PSA value, and to
administer a quality of life survey.Men are deemed to be onAS if it
is explicitly recorded in their medical record as their management
plan. Menwho go on to watchful waiting or have no treatment are
coded differently by PCOR-Vic.

To collect ongoing AS management details, data collectors are
providedwith annual lists of allmen onAS, the hospitalswhereAS
is being managed, and their managing specialists. The consulting
rooms and hospital medical records of men who commenced AS
are audited annually, and any additional test results identified are
sent to the PCOR-Vic.
Statistical analysis
Because there is no consensus regarding the optimal frequency of
PSA measurement and biopsy testing during AS, the PCOR-Vic
Steering Committee (comprising urologists practising in public
and private, regional and metropolitan settings; a consultant
medical oncologist and a radiation oncologist; andmembers of the
public and epidemiologists) were asked to discuss a minimum
standard for AS follow-up based on the guidelines and evidence
available when AS was initiated (Box 1). The consensus require-
ment for adequate AS follow-up was defined as at least one repeat
biopsy and at least three PSA tests during the 2 years following
diagnosis, matching the recommendations published in 2008,3

as well as the contemporary recommendations of the National
Comprehensive Cancer Network (NCCN) guidelines6 and
UpToDate;7 no published guidelines for AS recommend less
frequent assessment.

Data included in analyseswere age, PSA level at diagnosis, tumour
stage, Gleason score and NCCN risk category at diagnosis (the
categories “very low” and “low risk disease” were combined, as
men in these categories will be managed with the same guideline
recommendations), method of diagnosis, percentage of positive
cores, and location and type of diagnosing institution. In men
diagnosed by transurethral resection of the prostate (TURP), PSA
levels have often not been measured before diagnosis, and the
tissue cores collected are specific to transrectal ultrasound-guided
(TRUS) and transperineal (TP) biopsies. Almost all of the missing
or unclassified values for the variables “PSA level at diagnosis”
and “percentage positive cores”were formenwhowere diagnosed
by TURP. Asmissing data were probably systematic (not random)
and collinear with the method of diagnosis, we did not perform
multiple imputation and used complete case analysis.

The proportion of patients managed with AS and who adhered to
the AS follow-up protocol was calculated. A univariate logistic
regression model ascertained the characteristics associated with
adherence, which were then assessed in a forward stepwise
multivariate logistic regressionmodel, using a likelihood ratio test.
Datawere analysed in Stata 14.0 (StataCorp); P < 0.05was deemed
statistically significant.



2 Demographic and clinical characteristics of 1635 men
diagnosed with low risk prostate cancer andmanaged with
active surveillance, by adherence to adequate monitoring

Adherent Non-adherent All men

Research
Ethics approval
This project received ethics approval from the Monash University
Human Research Ethics Committee (reference, CF09/0931-
2009000436), Cancer Council Victoria (reference, 0908), and from
each participating health service.
Number of patients 433 (26.5%) 1202 (73.5%) 1635

Age at diagnosis (years)

� 55 67 (28%) 169 (72%) 236

56e65 238 (31.6%) 516 (68.4%) 754

66e75 128 (19.8%) 517 (80.2%) 645

PSA value at diagnosis (ng/mL)

� 4.0 115 (25.7%) 333 (74.3%) 448

4.01e10.0 275 (28.3%) 697 (71.7%) 972

� 10.01 38 (22%) 131 (78%) 169

Unknown 5 (11%) 41 (89%) 46

Method of diagnosis

TRUS 364 (29.8%) 858 (70.2%) 1222

TURP 49 (18%) 220 (82%) 269

Transperineal 20 (14%) 124 (86%) 144
Results

From August 2008 to December 2014, 2134 men from 38 Victorian
hospitals were managed with AS. Eleven men who died and 488
who transitioned to active treatment during the first 2 years after
diagnosis were excluded from the analysis. The median age at
diagnosis of the 1635 included men was 64 years (interquartile
range [IQR], 58.6e68.0 years) and the median PSA level at diag-
nosis was 5.4 ng/mL (IQR, 3.8e7.4 ng/mL). Most men (74.7%)
were diagnosed by TRUS biopsy, had clinical stage T1 disease
(67.4%), a diagnostic ISUP grade group 1 (Gleason score � 6)
(84.0%), and received their diagnosis in metropolitan centres
(73.3%) and private practices (65.3%). Twenty men recorded by
their consultant as being on AS had Gleason scores of 3 (4þ 3¼ 7)
(Box 2).
Percentage positive cores

< 13% 137 (31.6%) 296 (68.4%) 433

13e33% 201 (27.3%) 536 (72.7%) 737

> 33% 45 (26%) 130 (74%) 175

Unknown 50 (17%) 240 (83%) 290

Clinical stage (TNM)

T1 288 (26.1%) 814 (73.9%) 1102

T2 46 (29%) 112 (71%) 158

T3 0 2 (100%) 2

Unknown 99 (26%) 274 (74%) 373

Gleason score at diagnosis

� 6 375 (27.3%) 999 (72.7%) 1374

3 þ 4 57 (24%) 184 (76%) 241

4 þ 3 1 (5%) 19 (95%) 20

NCCN risk categories

Low/very low 279 (28.3%) 705 (71.7%) 984

Intermediate 96 (24%) 310 (76%) 406

High 3 (12%) 23 (88%) 26

Not classified 55 (25%) 164 (75%) 219

Diagnosing institution: location

Metropolitan 338 (28.2%) 860 (71.8%) 1198

Regional 84 (22%) 279 (78%) 381

Unknown 11 (20%) 45 (80%) 56
Adherence to active surveillance
In all, 433 men (26.5%) adhered to the recommended AS protocol.
Of the men who commenced AS, 877 (53.6%) had one or more
repeat biopsies in the 2 years after diagnosis, 132 men (8.1%) had a
repeat biopsy more than 2 years after diagnosis, and 626 (38.3%)
had no repeat biopsies. Of the 20 men who had presented with
ISUP grade group 3 (Gleason 4þ 3 ¼ 7) disease, nine had a repeat
biopsy. The median time to first repeat biopsy for the 1109 men
who had one was 366 days (IQR, 184e525 days).

A total of 601 men (36.8%) had at least three PSA assessments
performed, and 80 men (4.9%) had none; the median number was
three (IQR, 2e4). Of the 20 men who had presented with ISUP
grade group 3 disease, two had had no subsequent PSA assess-
ment. Themedian time to the first PSAmeasurementwas 219 days
(IQR, 147e292 days) and to the second 378 days (IQR,
300e572 days).

In the multivariate analysis, men diagnosed at a private hospital
were more likely to adhere to follow-up than those diagnosed in a
public hospital (adjusted odds ratio [aOR], 1.83; 95% confidence
interval [CI], 1.42e2.37; P < 0.001). Factors statistically associated
with non-adherence to AS included being diagnosed by TURP
(aOR, 0.54; 95% CI, 0.39e0.77; P < 0.001) or TP biopsy (aOR, 0.32;
95% CI, 0.19e0.52; P < 0.001) rather than TRUS biopsy, and being
66 years of age or more at diagnosis (v men under 55: aOR, 0.65;
95% CI, 0.45e0.92; P ¼ 0.015). There were no significant in-
teractions between factors in the multivariate model (Box 3).
Diagnosing institution: type

Public 104 (20.2%) 410 (79.8%) 514

Private 319 (29.9%) 749 (70.1%) 1068

Unknown 10 (19%) 43 (81%) 53

NCCN ¼ National Comprehensive Cancer Network; PSA ¼ prostate-specific antigen;
TRUS ¼ transrectal ultrasound sound; TURP ¼ transurethral resection of the
prostate. u
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Discussion

Only 26.5% of Victorian men managed with AS after being
diagnosed with low risk prostate cancer during August 2008 e
December 2014 adhered to an AS regimen that included one
subsequent prostate biopsy and three PSA measurements during
the 2years followingdiagnosis.Mendiagnosed inprivate hospitals
weremore likely than thosediagnosed inpublic hospitals to adhere
to follow-up;mendiagnosedbyTURPorTPbiopsywere less likely
to adhere than men diagnosed by TRUS biopsy, and men aged 66
years or more at diagnosis were less likely to adhere to AS than
those under 55.
Differing rates of adherence to AS protocols have been reported.
The Prostate Cancer Research International: Active Surveillance
(PRIAS) study found very high levels of adherence with respect to
PSA testing (94% at one year) and repeat biopsies (81%).1 This high



3 Multivariate analysis of adherence to follow-up by 1635 men diagnosed with
low risk prostate cancer and managed with active surveillance

Variable

Univariate model Multivariate model

OR (95% CI) P OR (95% CI) P

Age at diagnosis (years)

� 55 1 1

56e65 1.16 (0.84e1.61) 0.36 1.22 (0.88e1.70) 0.23

66e75 0.62 (0.44e0.88) 0.007 0.65 (0.45e0.92) 0.015

PSA value at diagnosis (ng/mL)

� 4.0 1

4.01e10.0 1.14 (0.89e1.47) 0.30

� 10.01 0.84 (0.55e1.28) 0.41

Method of diagnosis

TRUS 1 1

TURP 0.53 (0.38e0.73) < 0.001 0.54 (0.39e0.77) < 0.001

Transperineal 0.38 (0.23e0.62) < 0.001 0.32 (0.19e0.52) < 0.001

Percentage positive cores

< 13% 1

13e33% 0.81 (0.63e1.05) 0.11

> 33% 0.75 (0.50e1.11) 0.15

Clinical stage (TNM)

T1 1

T2 1.16 (0.80e1.68) 0.43

T3 Omitted*

Unknown 1.02 (0.78e1.33) 0.88

Gleason score at diagnosis

� 6 1

3 þ 4 0.83 (0.60e1.14) 0.24

4 þ 3 0.14 (0.02e1.05) 0.06

NCCN risk categories

Low/very low 1

Intermediate 0.78 (0.60e1.02) 0.07

High 0.33 (0.10e1.11) 0.07

Not classified 0.85 (0.61e1.19) 0.33

Diagnosing institution: location

Metropolitan 1

Regional 0.72 (0.55e0.95) 0.018

Unknown 0.62 (0.32e1.22) 0.16

Diagnosing institution: type

Public 1 1

Private 1.68 (1.31e2.16) < 0.001 1.83 (1.42e2.37) < 0.001

Unknown 0.92 (0.45e1.89) 0.81 0.86 (0.42e1.78) 0.69

CI ¼ confidence interval; NCCN ¼ National Comprehensive Cancer Network; OR ¼ odds ratio; PSA ¼ prostate-
specific antigen; TRUS ¼ transrectal ultrasound sound; TURP ¼ transurethral resection of the prostate. * Number
of patients insufficient for analysis. u

Research
M
JA

2
0
8

(1
0
)

j
4
Ju
n
e
2
0
18

442
rate of adherence might reflect a selection bias, as only the most
enthusiastic proponents of AS enrolled in the project. Our study
findings are consistent with those reported by a study inMichigan,
where only 30%ofmen had at least three PSA assessments and one
repeat biopsy during the 2 years following diagnosis.17 Similarly, a
European study found that fewer than 30% of men underwent a
repeat biopsy within 12 months of diagnosis.18 Another large
American study reported low rates of
compliance with AS protocols, with fewer
than 13% of patients undergoing repeat
biopsy beyond 2 years.19

The authors of a recent systematic review
characterised barriers to AS adherence ac-
cording to cancer characteristics, patient,
family, and social support, provider, health
care organisation and practice, and health
policy factors.20 The review recommended
that internationally ratified AS guidelines
bedeveloped andargued that international
databases, such as those established by the
GAP3 Movember project, will assist
develop consensus AS definitions.20

There may be several explanations for our
finding that the method of diagnosis
influenced adherence to AS. A decision to
actively treatmen should be based on their
health status and level of fitness, not just
their age and risk group;21 expert guide-
lines recommend curative treatment for
patientswhose life expectancy is at least 10
years.6 PCOR-Vic does not capture data on
major comorbidities. Men diagnosed with
symptomatic disease by TURP may have
had more comorbidities than those
diagnosed by TRUS, and the treating
specialists consequently chose watchful
waiting— a strategy inwhich treatment is
avoided until symptoms or signs of
progressive disease are evident2 — as
conservative management, even when AS
was recorded in case documentation.

It is unclear why men diagnosed by TP
biopsy were less likely to adhere to AS
than those diagnosed by TRUS biopsy. TP
biopsy is more accurate when selecting
patients for AS,22 and clinicians perhaps
trust TP findings of low risk cancer more
than those of TRUS biopsy, and therefore
delay offering a further biopsy. There is
also growing interest in magnetic reso-
nance imaging (MRI) for both initial
diagnosis and for assessing change over
time.23 International clinical guidelines
recommend that multi-parametric MRI be
used in conjunction with biopsy for men
on AS at 12 months,9 but clinicians may
choose to monitor men on AS with MRI
rather than with a repeat biopsy. PCOR-
Vic, however, does not currently record
MRI findings for men on AS, so that
further investigation of this question is
required.
There are several potential reasons for men diagnosed in public
hospitals being less likely to adhere to AS follow-up than those
diagnosed in private hospitals. Men managed with AS in the
public sector may have had their PSA level monitored by their
general practitioner but not provided the result to the hospital
managing their AS. However, the patient should return to the
diagnosing hospital for the surveillance biopsy, as the GP
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cannot undertake it, and a PSA history would usually be
collected before the biopsy. Hospital information systems and
administrative staff may have fewer resources for sending re-
minders to patients and to pursue those who miss appoint-
ments. This problem is compounded by the fact that patients
are likely to see different medical staff at different appoint-
ments, resulting in diffused responsibility for their
management. Further, patient-related factors may influence
their ability and motivation to attend for follow-up. The patient
may be reluctant to have a repeat biopsy; a qualitative study of
50 men found that one-quarter found the biopsy painful, and
the others found it uncomfortable or embarrassing.24 Another
reason for patients not re-presenting for biopsy might be the
risk of infection, although infection rates are less than 2.0%.25

A major strength of our study is that the PCOR-Vic is a compre-
hensive clinical quality registry that collects consistent clinical and
patient-reported outcomes for about 75% of patients with prostate
cancer in Victoria. PCOR-Vic receives 80% of notifications regis-
tered by the VCR for public hospitals and 63% of notifications
received from private hospitals (P < 0.001).

However, we acknowledge a number of limitations. The narrow
dataset collected by PCOR-Vic does not capture all potential
predictors of non-adherence to an AS protocol, such as comor-
bidities, surgical bias, attempts to contact patients, and the use of
MRI as an alternative to biopsy. Another limitation is that data
collectors are restricted to documenting what is recorded in the
medical record; it may be that specialists occasionally record
AS as management when they are actually performing
watchful waiting. Men were excluded from the analysis if they
had transitioned to active treatment within 2 years of diagnosis;
they may have adhered to an AS protocol that prompted transi-
tion to treatment, leading to our underestimating the level of
adherence. However, we were primarily interested in conserva-
tively gauging longer termadherence rates, both to enable a direct
comparison with community practice in the US17 and to identify
patients likely to be lost to follow-up.

Despite these limitations, ourfindings have important implications
for patients, health services, and, given the numbers of men
affected, health policy. If they are not being followed appropriately
according to AS protocols, men may miss the opportunity to
be treated with curative intent. Further exploration of patient-,
clinician- and health system-related factors associated with
adherence to AS is required. To improve adherence, amultifaceted
approach may be required, including an education campaign that
highlights the need for men to undergo regular PSA assessment
and prostate biopsy. PCOR-Vic might serve as a surveillance sys-
tem that provides reminder prompts to men diagnosed with
prostate cancer and commenced on AS, and to monitor the longer
term outcomes of compliance with AS and its impact on disease
progression and mortality.
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