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Abstract Objective: Treatment delays in prostate cancer have been characterised, although
not explicitly in men undergoing transperineal prostate biopsies. We aimed to determine if de-
lays to radical prostatectomy correlate with adverse outcomes using a contemporary
population-based cohort of men diagnosed by transperineal biopsies.
Methods: This study analysed men with prostate cancer of the International Society for Uro-
logical Pathology grade group �2, diagnosed by transperineal prostate biopsies who underwent
prostatectomy, using the prospectively data from 1 January 2014 to 30 June 2018 Prostate Can-
cer Outcomes Registry-Victoria. Data were analysed according to stratified demographic and
disease characteristics. Time intervals from biopsy (28, 60, 90, 120, and 270 days) were
compared using odds ratios and regression analyses for proportion of upgrading, early
biochemical recurrence, pT3 disease at prostatectomy, and positive surgical margins.
Results: In total, 2008 men were analysed. There were 306 (16.7%) men with upgrading, 151
(8.4%) with biochemical recurrence, 1068 (54.1%) with pT3 disease, and 464 (23.1%) with pos-
itive surgical margins (percentages excluded patients with missing data). All adverse outcomes
studied were significantly associated with higher prostate-specific antigen and grade at diag-
nosis. Delays of 120e270 days did not adversely alter the incidence of Gleason upgrading,
pT3, or recurrence. Delays (most frequent 60e89 days, 28%) were associated with positive sur-
gical margins but not monotonically. Regression modelling demonstrated no increased likeli-
hood of most adverse outcomes for up to 270 days.
Conclusion: Men with prostate cancer of grade group �2 diagnosed through transperineal bi-
opsy may wait up to 270 days for a prostatectomy without a greater likelihood of upgrading,
pT3 disease, positive surgical margins, or biochemical recurrence.
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1. Introduction

Prostate cancer remains one of the most commonly diag-
nosed cancers worldwide [1]. Current aims of management
are focused on timely diagnosis, appropriate treatment
selection, and adequate surveillance of possible recur-
rence. The impact of delays in care on disease progression
has previously been characterised across different risk
categories, as well as delays of different durations [2]. In
particular, patients who undergo radical prostatectomy
(RP) have been particularly well characterised in literature
[3,4]. This is likely due to the ease of recording and ana-
lysing the histopathological specimens at time of RP, and
the ability to directly compare the biopsy specimens.

Studies have previously examined outcomes that may
impact recurrence and survival [5]. These may include
disease upgrading, where histological Gleason grade in-
creases from time of biopsy to time of RP [6]. For patients
with intermediate-risk prostate cancer, previous studies
have reported an absence of disease upgrading with delays
of up to 12 months [3]. Some studies have reported no ef-
fect toward upgrading, more advanced stage, or positive
surgical margins (PSMs) with delays up to 6 months [7],
while others have reported an effect with interval greater
than 9 months for patients with intermediate-risk disease
[8].

Recently, there has been increasing utilisation of
magnetic resonance imaging-targeted biopsies, trans-
perineal prostate biopsies (TPBs), and other changes [9,10].
These diagnostic techniques offer superior ability to detect
and predict disease [11e15]. These practice alterations
affect the generalisability and interpretability of current
evidence. Current literature has not reported on patients
who have specifically undergone TPBs. It is unknown
whether there may be differences in outcomes from pa-
tients undergoing TPBs when analysed for delays to
treatment.

Hence, this study aimed to characterise the association
of delays to RP to guide management of patients with in-
termediate- or high-risk prostate cancer. Time intervals
were associated with proportion of disease upgrading,
biochemical recurrence (BCR), stage at RP, and PSM in a
contemporary cohort of individuals who underwent TPBs.
2. Patients and methods

We utilised prospective outcomes data from the Prostate
Cancer Outcomes Registry-Victoria (PCOR-Vic). The authors
have obtained the permission of using the data for this
study. This population-based clinical quality registry is a
multi-institutional prospective database consisting of
enrolled men with prostate cancer who were managed
across Victoria, Australia [16]. This registry has been ethi-
cally approved by the Institutional Review Board of Alfred
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Health (HREC/16/Alfred/98). Informed consents were ob-
tained by all subjects when they were enrolled.

This study included men who were diagnosed with
prostate cancer from 1 January 2014 to 30 June 2018, had a
TPBs at diagnosis of the International Society for Urological
Pathology grade group �2, and subsequently underwent RP
as definitive management of their prostate cancer. TPBs
were performed according to local hospital protocol. Pa-
tients were sedated or anaesthetised and placed in lithot-
omy position, using a bi-planar transrectal ultrasound to
guide biopsies. Disposable 18 gauge x 22 cm biopsy needles
were used, with mapping biopsies taken in 5 mme10 mm
increments, guided by a disposable brachytherapy tem-
plate grid. The approach of RP could either be open,
laparoscopic, or robot-assisted, guided by availability and
patient condition.

Patients diagnosed with grade group 1 disease and sub-
sequently upgraded were excluded to limit investigation to
patients with intermediate- or high-risk disease. This aimed
to limit the influence of effective active surveillance for
grade group 1 low-risk disease, where the intent of man-
agement was to postpone definitive treatment. Men were
only included if the time intervals from biopsy to RP were
between 28 days and 270 days. Patients outside this delay
range were in few numbers, considered outliers, and sub-
sequently excluded. Patients with less than 15 months of
follow-up after RP were excluded. Patients without path-
ological grade data were excluded from the sample.

Data analysed included demographics, prostate-specific
antigen (PSA) at diagnosis, biopsy disease grade, RP
approach, histopathology, and BCR. BCR was defined as a
single PSA value �0.2 ng/mL taken within 15 months of RP.
Grade of prostate cancer was recorded and analysed using
the International Society for Urological Pathology grade
group system based on Gleason scores [17]. Upgrading was
defined as an increase of grade group �1 from biopsy to RP.
To indirectly measure the effect of delays on stage, we
analysed proportions of pT3 disease on RP specimens, given
pT2 disease had previously been demonstrated to have
little prognostic value [18]. We compared proportions of
BCR for patients who underwent RP in those with or without
delays.

Descriptive statistics were calculated and presented.
Patients were stratified according to age, PSA at diagnosis,
diagnosing biopsy grade group, and interval from biopsy to
RP. Time intervals were stratified and analysed according to
pre-determined brackets of 28, 60, 90, 120, and 270 days.
These intervals were chosen to optimise the expected
relative sample sizes between groups for analysis. Chi-
square statistics were calculated to compare proportion of
patients with upgrading, BCR, pT3 disease at RP, and PSM,
among the stratified variables. Upon analysis of surgical
approach, laparoscopic and robot-assisted procedures were
grouped together, due to the low numbers of laparoscopic
procedures performed. Odds ratios (ORs) were generated to
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assess the association of patients developing upgrading,
BCR, pT3 vs. pT2 disease at RP, or PSM with stratified time
interval from biopsy to RP. These were performed by con-
structing multivariable logistic regression models with the
covariates of age, PSA, diagnosis date, operative tech-
nique, and biopsy grade (not for the upgrading outcome),
selected a priori, and entered simultaneously with the in-
terval variable. Patients with missing values were not
included in these models nor were patients with grade
group 5 in the upgrading model. To explore effect modifi-
cation of operative technique on the relationship between
interval and the four outcomes, an interaction term was
subsequently introduced into the model.

The relationship of upgrading, BCR, pT3 disease at RP,
and PSM to interval as a continuous variable, after adjust-
ment for baseline covariates, was examined by entering
interval into the multivariable logistic regression models as
a restricted cubic spline function with internal knots at the
tertiles. Exploratory analysis of upgrade probability for
grade group 2 and combined 3 or 4 was also performed and
graphed using the same technique. Data were analysed
using StataSE v13.0 computer software (College Station,
TX, USA). Statistical significance was set at the 0.05 level.

3. Results

From 1 January 2014 to 30 June 2018, there were 5884 men
diagnosed using TPB in PCOR-Vic. Of these, 2524 had RP
from 28 days to 270 days following biopsy date. From these,
516 did not have a PSA recorded within 180 days prior to
biopsy; had a grade group of 1 at biopsy; or had no recorded
grade group for the surgical specimen. In summary, 2008
patients were included for analysis.

In this sample, the median age at diagnosis was 65 years
(interquartile range: 60e70 years), with the majority of
men aged 60 or above (nZ1506, 75%) (Table 1). The ma-
jority of PSA values at diagnoses were below 10 ng/mL
(nZ 1590, 79%). There were 1080 (54%) men who had grade
group 2 disease on TPB at diagnosis, 547 (27%) with grade
group 3, 203 (10%) with grade group 4, and 178 (9%) on
grade group 5. The majority of patients included had a time
from biopsy to RP of less than 60 days (nZ1028, 51%). There
were 306 men who had disease upgrading. Among them,
236 men upgraded by one grade group, 53 by two grade
groups, and 17 by three grade groups. There were 1408
(70%) patients who had concordant disease grade from bi-
opsy to RP, while 294 (15%) patients had disease down-
grading. Regarding RP approach, 570 underwent open, 69
laparoscopic, and 1359 robot-assisted procedures.

On univariate analysis, upgrading proportions did not
significantly differ across stratified time intervals (pZ0.60)
with proportions varying between 15% and 19% across the
four interval categories. Conversely, age and PSA at diag-
nosis (pZ0.002 and p<0.001, respectively) were strong
predictors of disease upgrading though not monotonically in
the case of PSA. A significant difference was observed in
proportions of pT3 disease by time interval: 56% for 28e59
days, 56% for 60e89 days, 50% for 90e119 days, and 45% for
120e270 days (pZ0.013). However, after adjusting for
baseline covariates, no interval category was significantly
different from 28 to 59 days (Table 2). PSM was identified in
172
464 (23%) patients. A significant difference was observed in
proportions of PSM with time intervals (pZ0.018), though
the relationship was not monotonic with greatest propor-
tion (28%) in men with RP within 60e89 days of biopsy.
Further, in the multivariable model, RP within 60e89 days
was significantly associated with higher margin positivity
than 28e59 days (ORZ1.60, 95% confidence interval [CI]:
1.23e2.07). However, in the longest interval categories, no
significant increase in PSM was observed. There were 151
(8%) who had BCR within 15 months post-RP. BCR pro-
portions did not significantly differ across stratified time
intervals in univariable analysis (pZ0.43) nor in the multi-
variable model, though grade at diagnosis, PSA at diagnosis,
and operative technique were strong predictors of BCR.
There was a lack of strong evidence for effect modification
by operative technique as no interaction term between
interval and technique reached statistical significance.
That is, the relation between interval and the outcomes
generally holds regardless of whether the patient had open
RP or robotic RP.

Further exploration of the relations between delays and
upgrading, BCR, pT3 disease at RP, and PSM demonstrated
generally stable predicted probabilities for the four out-
comes over the domain of delay (Fig. 1). The model
adjusted predicted probability of upgrade at 60 days’ delay
was 16% (95% CI: 13%e19%) and at 120 days was 18% (95% CI:
14%e22%). Sub-group analysis of grade group 2 versus grade
group 3 or 4 disease revealed no demonstrable differences
in probability of upgrade across the studied time interval
(Fig. 2). Similarly, for BCR there was no observed associa-
tion with interval. For pT3 disease the predicted probabil-
ities were observed to monotonically decrease with
increasing delay; however, the upper limit of the CI was
flat. With interval entered as a continuous predictor in a
multivariable model, the OR for pT3 per 30-day increase
was 0.95 (95% CI: 0.89e1.02). For analysis of PSM, a slight
concavity was observed, with a peak likelihood observed at
approximately 90 days from biopsy at 24% (95% CI: 21%e
27%).

4. Discussion

To date, limited data are available addressing the impli-
cations of delay to RP in patients diagnosed with prostate
cancer following TPBs. In this cohort, we examined the
association between increasing time intervals and pro-
portions of upgrading, post-RP BCR, pT3 disease, and PSMs.
For the 2008 patients from PCOR-Vic diagnosed with TPB, a
delay of up to 270 days was not associated with increased
incidence of grade group upgrading, BCR, pT3 disease, or
PSM.

There was an overall proportion of 17% of disease
upgrading throughout our TPB cohort. Previous upgrading
literature has mostly examined proportion of upgrading
amongst patients undergoing transrectal prostate biopsies.
Limited studies have examined upgrading in TPB in partic-
ular and for different disease grades. Hence, this study
performed exploratory analyses on comparing grade groups
for whether there were differences in proportion of
upgrading. Improved sampling of the anterior prostate with
transperineal techniques may improve histopathological



Table 1 Characteristics of the study sample with percentages for grade group upgrade, BCR, pT3 disease at RP, and PSM.

Characteristic n (%) Upgradinga BCRb pT3c PSMd

Proportion
(%)

p-Value Proportion
(%)

p-Value Proportion
(%)

p-Value Proportion
(%)

p-Value

Age at biopsy (year) 0.002 0.53 <0.001 0.21
<50 66 (3) 8 5 23 15
50e59 436 (22) 14 8 50 21
60e69 1038 (52) 16 8 54 24
�70 468 (23) 22 10 62 24

PSA at diagnosis
(ng/mL)

<0.001 <0.001 <0.001 0.001

<5 494 (25) 11 4 39 14
5e9.9 1096 (55) 17 7 55 22
10e19.9 338 (17) 24 14 67 35
�20 80 (4) 20 28 83 43

Date of diagnosis 0.79 0.14 0.027 0.52
1/2014e6/2015 357 (18) 17 10 61 26
7/2015e6/2016 455 (23) 16 10 54 22
7/2016e6/2017 629 (31) 16 7 52 23
7/2017e6/2018 567 (28) 18 7 52 22

Biopsy ISUP
grade group

<0.001 <0.001 <0.001 <0.001

2 1080 (54) 19 3 41 17
3 547 (27) 11 12 64 25
4 203 (10) 19 12 63 30
5 178 (9) N/A 30 91 47

Operative technique
(10 missing)

0.078 <0.001 0.34 <0.001

Robot-assisted approache 1428 (71) 16 7 53 18
Open approach 570 (29) 19 12 56 35

Interval (biopsy
to RP) (day)

0.60 0.43 0.013 0.018

28e59 1028 (51) 17 9 56 21
60e89 518 (26) 15 8 56 28
90e119 229 (11) 17 8 50 23
120e270 233 (12) 19 6 45 20

BCR, biochemical recurrence; ISUP, International Society of Urological Pathology; PSM, positive surgical margin; RP, radical prosta-
tectomy; N/A, not applicable.

a There were 306 (306/1831; 16.7%) men with upgrading; data of grade group 5 were not included in denominator.
b There were 151 (151/1801; 8.4%) men with biochemical recurrence within 15 months post-RP; data of 207 patients were missing.
c There were 1068 (1068/1973; 54.1%) men with pT3 disease; data of 35 patients were missing.
d There were 464 (464/2005; 23.1%) men with positive surgical margins; data of three patients were missing.
e Included laparoscopic approach (nZ69).
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staging prior to definitive treatment [19e21]. A previously
published report of PCOR-Vic of 5339 patients undergoing
RP demonstrated significantly less upgrading with TPB
compared to transrectal biopsies (ORZ0.6, 95% CI:
0.5e0.8) [22]. Other studies suggested less upgrading when
utilising a transperineal approach [23]. Hence, this study
aimed to characterise the outcomes from the likely
improved sampling from TPBs.

The impact of improved histopathological staging of
prostate cancer with TPBs and the outcomes of increasing
treatment delays have previously been poorly addressed. In
this cohort, analysis of upgrading, BCR, and pT3 disease at
RP demonstrated no association with time intervals up to
173
270 days. PSMs were significantly associated with time in-
terval; however, the greatest likelihood was observed at
approximately 90 days from biopsy and decreased there-
after. This observed effect may be due to inter-institutional
variability of operative technique and the timing of surgery.
By way of example, patients treated at publicly funded
training hospitals, were more likely to be operated upon
with increased delay [24].

Nevertheless, these results suggested a possibility of
safely delaying RP in men undergoing TPB for up to 9
months. Relevant literature has been previously summar-
ised and described safety in delays up to 6 months in men
with intermediate- or high-risk prostate cancer [4]. Gupta



Table 2 Adjusted OR estimates for upgrading, pT3 at RP, positive surgical margins, and BCR per categories of time interval
from biopsy to prostatectomy.

Time interval (day) Response variable, adjusted OR (95% CI)

Grade group upgrading BCR pT3 at RP Margin positive

28e59 1.0 1.0 1.0 1.0
60e89 0.88 (0.65e1.20) 1.00 (0.65e1.52) 1.11 (0.88e1.40) 1.60 (1.23e2.07)
90e119 1.04 (0.70e1.55) 1.10 (0.60e2.00) 0.89 (0.66e1.22) 1.23 (0.85e1.77)
120e270 1.23 (0.84e1.81) 1.07 (0.55e2.08) 0.87 (0.64e1.19) 1.23 (0.85e1.79)

BCR, biochemical recurrence; CI, confidence interval; OR, odds ratio; RP, radical prostatectomy.
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et al. [25] reported no difference in frequency of adverse
pathological outcomes for men with unfavourable
intermediate-to very high-risk disease upon comparison of
men with RP <3 months to 3e6 months. Similar lack of
effects on upgrading, pT3 disease, PSM, or lymph node in-
vasion, has been demonstrated in an analysis of 2303 pa-
tients stratified by grade group 1, 2, or 3þ [7]. For 2653
men with prostate cancer of all risk-categories, increased
risk was only demonstrated for high-risk disease with delays
beyond 12 months [26]. Prostate cancer-specific mortality
has also been examined, where a delay interval up to 180
days did not produce any difference, with up to 8 years of
follow-up [27]. Despite the literature present, none has
specifically examined the transperineal approach. Our
study is the first to explicitly analyse a cohort of men un-
dergoing TPB, suggesting no increase in risk of upgrading,
BCR, or pT3 disease at RP for up to 9 months.

This study additionally observed a relationship between
operative technique and post-RP outcomes. Patients un-
dergoing robotic or laparoscopic RP were less likely to have
PSMs or BCR, compared to the open approach. These find-
ings were similar to other studies comparing surgical ap-
proaches [28,29].
Figure 1 Predicted adjusted probability of grade groups by interv
(C) pT3 disease at RP; (D) BCR. BCR, biochemical recurrence; RP,
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This study is impacted by various limitations. The
recruitment of participants and inclusion in this study were
subject to selection bias, given the observational design. Of
note, a high proportion of our patients were operated on
within a 90-day delay, leading to imbalances in the com-
parison across patients. The association of treatment delay
with less pT3 disease indicated that patients may inher-
ently be at lower risk due to participant selection. The
exploration of what led to these treatment delays was
unable to be ascertained. Additional other variables were
not available for analysis that may also influence our find-
ings. Although published risk classes are available that may
predict recurrence outcomes such as European Association
of Urology risk groups, these require other variables,
namely clinical T staging, which was not recorded for a
substantial percentage of registry patients. Number of
cores taken, positive cores, as well as subsequent adjuvant
therapies, were not analysed. Although PSA density may
guide the management pathway, this was not included as a
factor in this study. Other patient factors such as pre-
existing use of 5alpha-reductase inhibitors were not
accounted for. Availability of magnetic resonance imaging
was not analysed, and this may influence cancer detection
al from biopsy to RP. (A) Upgrading; (B) Positive surgical margin;
radical prostatectomy.



Figure 2 Predicted adjusted probability of upgrading by
GG 2 (blue line, with dotted line as 95% CI) and by GG 3 and 4
(green line, with dotted line as 95% CI), following multivariable
logistic regression. CI, confidence interval; GG, grade group;
RP, radical prostatectomy.
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rates observed in this study [30]. Operative difficulty and
procedural time were not examined but may influence
oncological outcomes. The analysis of BCR was limited to
measurement of proportion at 15 months post-RP. Although
longer follow-up data for BCR are preferred, the set
collection of our registry data precluded the use of a cox
regression due to limited time points.

However, the implications of our findings were strength-
ened from the large, prospective, multi-institutional study
population utilised. The study adds novelty to this field by
selectively examining patients who underwent TPBs, and
thus is more generalizable to contemporary clinical prac-
tice. Registry population coverage of greater than 80% over
recent years enables the assessment of currently relevant
diagnostic techniques and practices. In an ever-evolving
landscape where the techniques for diagnosis are constantly
changing, research must examine outcomes in a contem-
porary cohort to be relevant and externally valid. Evidence
relatable to the current world population should be utilised
for informing prostate cancer care.

The non-significant findings may be a result of insuffi-
cient sample size rather than a true absence of effect
observed. However, in the setting of similar findings sug-
gested in other studies [7,8], this study likely produced a
valid effect estimate. Nevertheless, this study remains the
first to explicitly study delays for men undergoing TPBs.
Beyond the outcome measures reported within our results,
further study may be conducted to investigate the effect of
delays. In particular, studies relating to the effects of de-
lays may wish to combine and examine patients undergoing
all forms of treatment, to determine how delays may
impact outcomes for patients who opt for varying man-
agement strategies.

5. Conclusion

In a population-based cohort of men with TPBs, there were
no significant associations with proportions of disease
175
upgrading, BCR, pT3 disease at RP, or PSM, with delays of
up to 270 days. These findings suggest men with TPB may
safely wait up to 270 days until RP.
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