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Abstract 

Introduction: The Saskatoon Prostate Assessment Pathway (SPAP) 
was developed in 2013 in part to decrease the wait times between 
physician referral and biopsy for patients with suspected prostate 
cancer. Using an algorithm carefully designed to optimize appro-
priate prostate biopsy rates, physicians can directly refer patients 
for biopsy through the SPAP without seeing a urologist. All other 
patients are referred to the Saskatoon Urology Associates (SUA). 
The present study evaluates the performance of the algorithm. 
Methods: 971 patients seen at the SUA and 302 patients seen 
through the SPAP were identified. Information on age, biopsy sta-
tus and outcome, risk stratification, and time between referral and 
biopsy was collected. Biopsy wait time data was analyzed using 
gamma distribution. Association between referral method and 
biopsy rate, and between referral method and risk stratification, 
was analyzed using Z-test. 
Results: The expected wait time from referral to biopsy for patients 
seen through SUA was 2.63 times longer than those seen through 
SPAP (34 vs. 91 days). The biopsy rate of patients seen in the SPAP 
was significantly higher than those by SUA (88% vs. 69%, 95% 
confidence interval [CI] 0.14–0.26; p<0.00001). There was no sig-
nificant difference in positive biopsy rates for patients seen through 
the SPAP vs. SUA (81% vs. 74%, 95% CI -0.011,0.14; p=0.095), for 
detection of low-risk cancer, (12% vs. 10%, 95% CI -0.034,0.080; 
p=0.44), or for clinically relevant cancer, i.e., intermediate- and 
high-risk cancer, for SPAP vs. SUA (56.54% vs. 56.68%, 95% CI 
-0.091,0.089; p=0.49). 
Conclusions: The algorithm used in the SPAP is effective in decreas-
ing wait time to prostate biopsy and has the same cancer/pre-cancer 
detection rate, but at the cost of a higher biopsy rate. Both referral 
mechanisms result in few low-risk cancer detection biopsies, find-
ing primarily cases of high- or intermediate-risk cancer.

Introduction 

While the use of prostate specific antigen (PSA) screening to 
detect prostate cancer is controversial,1-3 the reality is that 
prostate cancer screening is still widely practised. Moreover, 
the Canadian Strategy for Cancer Control recommends that 
the time between presentation to provider with possible can-
cer and definitive diagnosis should be less than four weeks,1 
yet the median diagnostic interval for prostate cancer in 
Canada is 53 days.2 Although the evidence on the impact 
of wait times on prostate cancer mortality is inconclusive, 
diagnosis and treatment delays have been shown to impact 
patient and family psychosocial distress.3-6 The Saskatoon 
Prostate Assessment Pathway (SPAP) was established with 
several goals in mind, one of which was to reduce the time 
from physician referral to biopsy, thus shortening the diag-
nostic wait time. This study does not assess the appropriate-
ness of using PSA as a screening tool or whether prostate 
cancer screening should be performed. Instead, it was under-
taken to evaluate the effect of the SPAP on diagnostic wait 
time, with the understanding that once patients have been 
screened for prostate cancer by their healthcare provider, 
appropriate followup steps need to be taken to ensure appro-
priate care is delivered. The other goals of the SPAP (reducing 
practice variation between urologists and improving patient 
decision-making) were not evaluated in this study. 

The pathway is administered through the Leslie and Irene 
Dubé Urology Centre of Health at St. Paul’s Hospital, which 
opened in 2013 in conjunction with the introduction of the 
SPAP. The pathway allows primary care providers to refer 
men directly for a prostate biopsy provided they meet the 
requirements of an algorithm designed to capture the factors 
that influence a urologist’s decision to recommend a biopsy or 
not. The algorithm used by the Centre was developed through 
a series of evidence-informed consensus-building meetings of 
a multidisciplinary group. The group included patients, urolo-
gists, family physicians, radiation oncologists, and a nurse 
navigator. It includes parameters around age, age-specific 
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PSA cutoffs, digital rectal exam (DRE) findings, previous pros-
tate biopsies, life expectancy, and comorbidities. The SPAP is 
under the oversight of a urologist, but depending on biopsy 
outcomes and the treatment decisions of the patient, he may 
never come into contact with a urologist. 

The primary objective of this study was to evaluate the 
performance of the algorithm used in the SPAP with regards 
to the aspect of diagnostic wait times. We assessed the SPAP 
for diagnostic reliability (does the algorithm reliably select 
patients for biopsy compared with a urologist?), efficacy 
(does the algorithm biopsy the same number of patients 
as a urologist to achieve the same results?), and efficiency 
(does use of the algorithm decrease wait times to diagnosis 
compared to a urologist referral?).

Methods

After obtaining ethics exemption (reference REB: BIO-16-
98), we collected data for patients seen between May 2013 
and October 2015. Data from the urology referral group was 
collected by generating a list of patients through diagnostic 
billing codes for abnormal PSA, with or without a prostate 
nodule, and performing a retrospective chart review. Of the 
1172 patients on the generated list, only patients who ful-
filled the inclusion criteria were included in the Saskatoon 
Urology Associates (SUA) data (Table 1). This produced a 
cohort of 971 patients that were included in the study; 31 
patients were seen by a urologist, discharged from the urolo-
gist’s care, then re-referred, resulting in total of 1002 data 
points. Patients were then categorized as SPAP-eligible or 
not (Table 2), and only patients who were pathway-eligible 
were used to compare study outcomes. 

Patients are referred to the SPAP through a referral form 
sent to the Urology Centre, and a pathway-eligible patient 
is seen by a specialized nurse navigator who explains the 
biopsy procedure and helps the patient determine if he wants 
to proceed with a biopsy. Patients agreeing to a biopsy will 
then make an appointment to receive one without having 
to consult a urologist first. Any patient who is referred to the 

SPAP but found to be pathway-ineligible, or who declines 
a biopsy, is automatically referred to the SUA for followup 
with a urologist. Fig. 1 outlines the flowchart for patient cat-
egorization. Data for the SPAP referral group was collected 
from prospective data maintained by staff at the Urology 
Centre. There were 372 patients referred to the SPAP within 
our timeframe, of which 302 fulfilled the inclusion criteria 
of the study (Table 1).

Data collected included patient age, pathway eligibility, 
whether they received a biopsy, time between referral and 
biopsy, and the outcome and risk stratification of the biopsy. 
Biopsies were performed by a radiologist in Saskatoon. Risk 
stratification was based on the D’Amico risk stratification sys-
tem.7 Positive biopsies included those that showed cancer or 
atypical small acinar proliferation (ASAP), since ASAP is asso-
ciated with a significant risk of developing prostate cancer.8 

Table 2. Saskatoon Prostate Assessment Pathway (SPAP)-
ineligible patients 

Question Rationale 

Patient under 40 years 
or over 75 years with 
elevated PSA 

Patients under 40 years and over 
75 years require further assessment 

to determine if a prostate biopsy 
is necessary. If a patient is over 75 

years, a prostate biopsy may not be 
appropriate 

Patient has PSA value 
greater than 50 

If a patient has a PSA value of 
greater than 50 the diagnosis of 

prostate cancer may be based on 
clinical findings and a prostate 

biopsy may be avoided 

PSA values less than 
normal age-specific PSA 
levels 

Age	 PSA (upper limit)
40–49	 2.5 ng/ml
50–59	 3.5 ng/ml
60–69	 4.5 ng/ml
70+	 6.5 ng/ml

PSA levels are subject to 
considerable variation, and increase 
with age. Two abnormal PSA levels 
at least six weeks apart are required 

prior to referral. PSA screening 
for men over 70 years is not 

recommended

Patient has abnormal 
DRE, but PSA value is 
normal 

If a patient has an abnormal DRE and 
the PSA value is normal, they require 

a urologist to assess the prostate 
to determine if the abnormality 

warrants a biopsy 

Patient has had a 
previous biopsy 

With a previous negative prostate 
biopsy subsequent biopsies may not 
be necessary because the change of 
a positive finding is less likely with 

each subsequent biopsy 

Patient is 
immunocompromised 

If a patient is immunocompromised 
additional preparation may be 

required prior to a prostate biopsy 

Patient life expectancy 
less than 10 years 

If a patient has a life expectancy 
of less than 10 years further 

assessment/treatment may not be 
appropriate 

DRE: digital rectal exam (taken from the Saskatoon Prostate Assessment Pathway (SPAP) 
referral form); PSA: prostate-specific antigen.

Table 1. Study exclusion criteria 

SPAP SUA
Total number of patients reviewed 372 1172

Exclusion criteria 

Existing/previous cancer diagnosis 7 110

Seen by urologist/nurse navigator outside 
timeframe (May 2013–October 2015) 

22 60

Incorrect billing code entered/not actually seen 
for abnormal PSA or DRE 

1 31

Ineligible SPAP patients never seen by urologist 40 -

Total excluded 70 201
DRE: digital rectal exam; PSA: prostate-specific antigen; SPAP: Saskatoon Prostate 
Assessment Pathway; SUA: Saskatoon Urology Associates.
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The primary outcome of time between referral and biopsy 
was assessed using gamma distribution, as the data was 
skewed to the right and not normally distributed (Fig. 2). 
The difference in age was analyzed using Z-test. The asso-
ciation between referral method and biopsy rate, positive 

cancer findings, and resulting risk stratification was analyzed 
using Z-test. A critical value of 1.96 for 5% two-tailed was 
considered statistically significant. 

Results

Demographics 

There was no statistically significant difference in average age 
between patients seen in the pathway compared to those seen 
by urologists (64 vs. 63 years; 95% confidence interval [CI] 
0.21–1.91; p=0.058) (Table 3). 

Time difference 

For pathway-eligible patients seen through the SPAP, the 
expected time between referral and biopsy, based on gamma 
distribution calculations, was 34.47 days (a=2.28, b=15.12). 
Q1 was 17.73 days, the median was 29.64 days, Q3 was 46.06 
days, and the interquartile range (IQR) was 28.33 (Table 4). 
The expected time for pathway-eligible patients seen by SUA 
was 90.72 days (a=2.28, b=15.12), with a Q1 of 43.81 days, 
a median of 76.24 days, Q3 of 122.02 days, and an IQR of 
78.21 (Table 4). Expected time comparison between SPAP 
and SUA showed that patients were seen 2.63 times faster 
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Fig. 1. Flowchart outlining patient referral mechanism for followup. Only patients who were included in the study are shown. Patients referred to Saskatoon Prostate 
Assessment Pathway (SPAP) who were pathway-ineligible or eligible but did not get a biopsy for whatever reason were automatically referred to Saskatoon Urology 
Associates (SUA) and seen by a urologist for further assessment. DRE: digital rectal exam; PSA: prostate-specific antigen.
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Fig. 2. Wait time between physician referral and biopsy. Patients seen through 
Saskatoon Urology Associates (SUA) had an expected time between referral 
and biopsy of 91 days, whereas patients seen through Saskatoon Prostate 
Assessment Pathway (SPAP) had an expected wait time of 34 days. The 
expected time was calculated based on gamma distribution, as the data is non-
normal and has a right skew.
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through SPAP. SPAP expected time was 38% that of SUA 
expected time. 

Biopsy rate 

Of the 302 patients referred to the SPAP, 217 were deter-
mined to be pathway-eligible and 191 were biopsied. Of the 
1002 patients referred to SUA, 447 were determined to be 
pathway-eligible and 307 of them were biopsied. Reasons 
for not getting a biopsy included factors such as patient 
preference, a significant drop in PSA, and an elevated but 
stable PSA. The biopsy rate of patients seen in the SPAP was 
significantly higher than those of SUA (88% vs. 69%; 95% CI 
0.14, 0.26; p<0.00001) (Table 5, Fig. 3). Any patient seen in 
the SPAP who refused biopsy was directed to SUA and some 
patients continued to refuse biopsy when seen by the urolo-
gist. To account for this, all patients with the final decision 
of declining the recommended biopsy were removed from 
the sample (36 patients), as their decision would likely be 
the same regardless of the referral mechanism and thus may 
bias the data. The biopsy rate of patients seen in the SPAP 
was still significantly higher than those seen by SUA (88% 
vs. 75%; 95% CI 0.082, 0.20; p<0.0001). There were also 13 
patients seen by SUA who were recommended a biopsy, but 
were lost to followup and never received the biopsy. When 
these patients were removed from the sample, the biopsy 
rate of patients seen in SPAP remained significantly higher 
than those seen by SUA (88% vs. 77%; 95% CI 0.059, 0.18; 
p=0.0001) (Table 5, Fig. 3).

Biopsy outcome and risk stratification 

There was no significant difference in positive biopsy out-
comes between the SPAP and SUA (81% vs. 74%; 95% 
CI -0.011,0.14; p=0.095) (Table 5, Fig. 4A). No significant 
difference was found in detection of ASAP (12% vs. 8%; 
95% CI -0.020, 0.091; p=0.10) or low-risk cancer, (12% 
vs. 10%; 95% CI -0.034,0.080; p=0.44) (Table 5, Fig. 4B). 
Intermediate-risk results were significantly higher in the 
SPAP patients (38% vs. 27% [SPAP vs. SUA]; 95% CI 0.025, 
0.19; p=0.0055), while SUA patient has significantly higher 
detection rates of high risk cancer (19% vs. 30% [SPAP vs. 
SUA]; 95% CI -0.19, -0.036; p=0.0020); however, when 
intermediate- and high-risk cancers were grouped, as these 
are the more clinically relevant cancers, there was no sig-
nificant difference in detection rates for SPAP vs. SUA (57% 
vs. 57%; 95% CI -0.091,0.089; p=0.49) (Table 5, Fig. 4B).

Discussion 

Several factors, such as age, PSA, DRE findings, and outcomes 
of previous biopsies have been identified in the literature to 
predict the likelihood of finding prostate cancer with a prostate 
biopsy.9 These factors together have been shown to be superior 
at estimating the risk of prostate cancer when compared to 
using PSA levels alone.3 Finne et al used regression models 
to show that multivariate algorithms can be used to reduce 
unnecessary prostate biopsies compared to using free PSA 
alone.10 To our knowledge, ours is the first study to evalu-
ate an algorithm used in practice by comparing biopsy rates 
between urologists and the algorithm. Our results show that 
the algorithm helps shorten the time to biopsy by over 60% 
and produces the same positive biopsy rate, but at the cost of 
more biopsies. This difference in biopsy rate remained even 
when removing all patients who refused biopsy, as their biop-
sy decision is likely unchanged regardless of which referral 
mechanism they go through. A significant difference was again 
apparent when also removing patients lost to followup, which 
was only the case in patients seen through SUA. Importantly, 
the algorithm did not result in more low-risk or ASAP prostate 

Table 3. Age demographics 

SPAP SUA 95% CI p
Age (years) 64 63 -0.21–1.91* 0.058

*The difference in age was non-significant (p>0.05). CI: confidence interval; SPAP: 
Saskatoon Prostate Assessment Pathway; SUA: Saskatoon Urology Associates. 

Table 4. Time from referral to biopsy (days), calculated 
based on gamma distribution

Variable SPAP SUA
Expected time*  34.47∞ 90.72**

Q1 17.73 43.81

M 29.64 76.24

Q3 46.06 122.02

IQR 28.33 78.21
Q1 is the first quartile, encompassing 25% of the data set; M is the median, encompassing 
50% of the data set; Q3 is the third quartile, encompassing 75% of the data set; and 
interquartile range [IQR] = Q3–Q1; *expected time is calculated by multiplying α and β; 
**SUA: α=2.01, β=44.91; ∞SPAP: α=2.28, β=15.12. SPAP: Saskatoon Prostate Assessment 
Pathway; SUA: Saskatoon Urology Associates.

Table 5. Biopsy rates, rates of positive cancer findings, and 
risk stratification

SPAP SUA 95% CI p
Biopsy rate (%) 88.18 68.68 0.14, 0.26 <0.00001

Biopsy rate, removing 
patients who declined 
and lost to followup (%)

88.18 77.14 0.059, 0.18 0.0001

Positive biopsy finding 
(%)

80.41 74.26 -0.011, 0.14* 0.095

ASAP (%) 12.04 8.47 -0.20, 0.091* 0.10

Low-risk (%) 12.04 9.77 -0.034, 0.080* 0.44

Intermediate-risk (%) 37.70 26.72 0.025, 0.19 0.0055

High-risk (%) 18.85 29.97 -0.19, -0.036 0.0020

Clinically significant 
(intermediate and 
high risk) (%) 

56.54 56.68 -0.091, 0.0088* 0.49

*The difference in positive biopsy finding was non-significant (p>0.05). Risk stratification is 
based on the D’Amico risk stratification system. ASAP: atypical small acinar proliferation; 
CI: confidence interval; SPAP:  Saskatoon Prostate Assessment Pathway; SUA: Saskatoon 
Urology Associates.
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biopsies, and was as effective as urologists in the detection of 
more clinically significant prostate cancers. 

The time benefit of the SPAP over SUA referrals should 
not be underestimated. One-fifth to half of cancer patients 
identify cancer diagnosis as a major source of distress and 
suspected cancer patients may be more negatively affected 
by anxiety compared to cancer patients with confirmed diag-
noses.5 Men with prostate cancer in Canada have longer 
wait times for diagnosis and treatment than other cancers2,6 
and prolonged wait times for cancer diagnosis and treatment 
have been associated with increased anxiety, distress, and 
a feeling of powerlessness.6 There is evidence that it is the 
uncertainty about their prostate cancer that causes men the 
most distress11,12 and the faster they can move on to diagnosis 
and treatment, the better they are able to cope with their 
illness.13 Biopsy results, even when they are not the preferred 
outcome, have been shown to have a general anxiety relief 
value for men with elevated PSA.11 This is an important factor 
to consider because distress can both increase healthcare 
costs associated with cancer, as well as reduce adherence 
to treatment.13 Patients referred by their family physician to 
SPAP had an expected wait time that was 56 days shorter 
than for patients seen by SUA. Our assumption is that the 
pathway can help patients reduce their anxiety levels and 

result in better health outcomes, although further qualitative 
study is needed to confirm this. 

Although the biopsy rates were higher in the patients 
seen by SPAP, there was no significant difference in positive 
biopsy rates compared to patients seen by SUA. Notably, 
there was no significant difference in the detection rates of 
more clinically relevant cancer (i.e., intermediate- and high-
risk) and low-risk prostate cancer. This, combined with the 
high cancer detection rates of 81% and 74% for SPAP and 
SUA, respectively, show that there is validity in using the 
criteria set by the algorithm; however, there might be room 
for further refinement of the algorithm to capture aspects of 
decision-making by urologists that might lead to a further 
decrease in the number of unnecessary biopsies. Even with 
adjustments, the algorithm will likely not be able to catch 
all patients with prostate cancer, since many patients with 
prostate cancer have a normal DRE and low PSA levels,14 
but it will most certainly allow physicians to diagnose the 
majority of new prostate cancers without having to biopsy 
all men. Detection rates may improve with the advent of 
novel biomarkers, such as kallikrein markers and some urin-
ary biomarkers, which have shown some promise in better 
prostate cancer detection rates when compared to PSA test-
ing.15 Should these markers prove effective, they may also be 
added as a component of the algorithm. Additional adjust-
ment may come from analysis of urologist practice variation. 
Preliminary data on variation in practice between urolo-
gists has been collected and additional study is required 
determine the role that practice variation has on prostate 
cancer biopsies and outcomes. Integrating aspects of the 
best performing urologists into the algorithm and reducing 
unwarranted variation among urologists would potentially 
strengthen the value of this tool for patients overall. 
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Fig. 3. Biopsy rates for patients seen either by the Saskatoon Urology 
Associates (SUA) or the Saskatoon Prostate Assessment Pathway (SPAP). The 
right side of the graph shows biopsy rates after patients who declined biopsy 
were removed, as it is assumed that regardless of which referral mechanism 
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Limitations

One limitation of the study is that the collection of patient 
information for this study was based on diagnostic codes 
entered by SUA office staff. Patients who were incorrectly 
entered would not have been captured in this study. Data 
regarding serum PSA at referral, DRE findings by primary 
care provider, DRE finding by urologist, family history of 
prostate cancer, and race were not collected. While these 
factors may affect prostate cancer development and detec-
tion, they fell outside the scope of this current study. It should 
also be noted that we do not have long-term data on patients 
who did not receive a biopsy through either the SUA or 
SPAP, thus do not know how many of those patients went 
on to develop prostate cancer. 

Conclusion 

The evidence-informed algorithm used by the SPAP is effect-
ive in decreasing wait time to prostate biopsy and has the 
same cancer/pre-cancer detection rate, but at the cost of 
a significantly higher biopsy rate; however, the algorithm 
has the same detection rate for clinically significant cancer 
and does not increase the number of inappropriate biop-
sies when compared to urologists. Careful consideration is 
necessary when balancing the benefits of reduced wait time 
to diagnosis with the increased biopsy rate to achieve the 

same results. Refinement of the algorithm to improve its 
performance might be a future consideration. 
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