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Abstract

Introduction: Active surveillance is a strategy to delay or pre-
vent treatment of indolent prostate cancer. The Prostate Cancer 
Research International: Active Surveillance (PRIAS) criteria were 
developed to select patients for prostate cancer active surveillance. 
The objective of this study was to compare pathological findings 
from PRIAS-eligible and PRIAS-ineligible clinically low-risk pros-
tate cancer patients.
Methods: A D’Amico low-risk cohort of 1512 radical prostatectomy 
patients treated at The Ottawa Hospital or Memorial Sloan Kettering 
Cancer Centre between January 1995 and December 2007 was 
reviewed. Pathological outcomes (pT3 tumours, Gleason sum ≥7, 
lymph node metastases, or a composite) and clinical outcomes 
(prostate-specific antigen [PSA] recurrence, secondary cancer treat-
ments, and death) were compared between PRIAS-eligible and 
PRIAS-ineligible cohorts.
Results: The PRIAS-eligible cohort (n=945) was less likely to have 
Gleason score ≥7 (odds ratio [OR] 0.61; 95% confidence interval 
[CI] 0.49‒0.75), pT3 (OR 0.41; 95% CI 0.31‒0.55), nodal metasta-
ses (OR 0.37; 95% CI 0.10‒1.31), or any adverse feature (OR 0.56; 
95% CI 0.45‒0.69) compared to the PRIAS-ineligible cohort. The 
probability of any adverse pathology in the PRIAS-eligible cohort 
was 41% vs. 56% in the PRIAS-ineligible cohort. At median fol-
lowup of 3.7 years, 72 (4.8%) patients had a PSA recurrence, 24 
(1.6%) received pelvic radiation, and 13 (0.9%) received androgen 
deprivation. No difference was detected for recurrence-free and 
overall survival between groups (recurrence hazard ratio [HR] 0.71; 
95% CI 0.46–1.09 and survival HR 0.72; 95% CI 0.36–1.47). 
Conclusions: Low-risk prostate cancer patients who met PRIAS eli-
gibility criteria are less likely to have higher-risk cancer compared 
to those who did not meet at least one of these criteria. 

Introduction 

Prostate-specific antigen (PSA) screening has resulted in a 
dramatic increase in the diagnosis of prostate cancer.1 While 
there has been a decline in prostate cancer mortality, there 
has also been an increase in detection of clinically insignifi-
cant tumours. Indeed, morbidity associated with diagnosis 
and treatment of low-risk prostate cancer is one of the pri-
mary arguments against routine prostate cancer screening.2

Active surveillance is an increasingly accepted strategy 
to prevent invasive therapy in patients with clinically low-
risk disease.3-5 Active surveillance implies some form of 
active patient monitoring, with more invasive interventions 
reserved for disease reclassification. Clearly, the benefits of 
active surveillance need to be balanced against the risks 
of delayed treatment for those patients who are ultimately 
found to have more aggressive tumours at subsequent biopsy 
or prostatectomy.

Several groups have described criteria for identifying 
patients who are the best candidates for active surveil-
lance.6-12 One of the largest groups is the Prostate Cancer 
Research International: Active Surveillance (PRIAS) program 
that includes over 50 hospitals and almost 2000 patients.13

The objective of this study was to compare the pathological 
findings after prostatectomy of PRIAS-eligible and PRIAS-
ineligible clinically low-risk prostate cancer patients.

Methods 

Institutional ethics approvals were obtained prior to study 
commencement. Consecutive radical prostatectomy patients 
treated at the Ottawa Hospital or Memorial Sloan Kettering 
Cancer Centre between January 1995 and December 2007 
were eligible for inclusion. This study period was chosen 
to include patients diagnosed in the PSA screening era, but 
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prior to routine use of active surveillance at these institu-
tions. Patients were eligible if they had low-risk disease as 
defined by the D’Amico risk criteria (PSA less than 10ng/ml, 
clinical tumour stage ≤cT2a, and biopsy Gleason score ≤6). 
Patients were excluded if they had clinically intermediate- or 
high-risk disease or if they had incomplete information to 
determine D’Amico risk group. Patients were also excluded 
if they received preoperative prostate radiation or androgen 
deprivation, had less than a 10-core biopsy performed, or 
had greater than six months between diagnosis and surgery. 

Baseline characteristics

Preoperative factors, including age, PSA, PSA density (PSAD), 
clinical stage, and number of positive biopsy cores, were 
obtained from prospectively populated institutional clinical 
databases. The most recent PSA test prior to biopsy was used 
for analyses. Clinical stage was determined by the operat-
ing surgeon and documented in the medical record. PSAD 
was defined as the serum PSA concentration divided by the 
transrectal ultrasound estimated prostate volume.

Outcomes

Pathological outcomes included tumours that extended out-
side of the prostate (pT3), Gleason score ≥7, lymph node 
metastases, or a composite of pT3, Gleason score ≥7, or 
nodal metastases. The composite outcome was evaluated 
because some clinicians would consider any one of these 
adverse pathological attributes to be clinically important, 
warranting treatment for healthy patients with a long life 
expectancy. Post-treatment clinical outcomes included 
recurrence (defined as PSA ≥0.2 ng/ml, any post-prosta-
tectomy radiation, any androgen deprivation, or prostate 
cancer-related death), and death from any cause. Cause of 
death was abstracted from death certificates or the medical 
record. Postoperative assessments were generally performed 
every three months for the first year, every six months for 
the second year, and annually thereafter. 

Analyses 

Univariable and multivariable logistic regression was per-
formed to determine associations between baseline charac-
teristics and outcomes. The PRIAS criteria for active surveil-
lance are defined as clinical stage T1/T2, Gleason ≤6, PSA 
<10 ng/ml, ≤2 positive biopsy cores, and PSAD <0.2ng/
ml.12 The patients who satisfied all PRIAS criteria (PRIAS-
eligible cohort) were compared to those who did not satisfy 
one or more of the PRIAS criteria (PRIAS-ineligible cohort). 
Cumulative incidence of recurrence and death were esti-
mated for each group using the Kaplan-Meier method and 
compared using the log-rank test and Cox proportional 
hazards models. For recurrence, patients were censored 

at last followup or non-prostate cancer death. For death, 
patients were censored at last followup. No adjustment was 
made for multiple testing and p values ≤0.05 were con-
sidered statistically significant. All statistical analyses were 
conducted using SAS software version 9.4 (SAS Institute, 
Cary, NC, U.S.).

Results 

During the study period, 9915 patients underwent radical 
prostatectomy at The Ottawa Hospital (TOH) and Memorial 
Sloan-Kettering Cancer Centre (MSKCC). Of these, 1512 
(TOH 181; MSKCC 1331) had D’Amico low-risk disease 
and complete data to assess PRIAS criteria status (Fig. 1). The 
mean patient age was 59 (standard deviation [SD] 7) years, 
and mean PSA was 4.8  (SD 2.2) g/mL. Baseline patient 
characteristics stratified by PRIAS-eligible (n=945) or PRIAS-
ineligible (n=567) are presented in Table 1.

Adverse prostatectomy pathology

Of the 1512 clinically low-risk patients included in the 
study, 651 (43.7%) had a Gleason score ≥7, 219 (14.5%) 

Radical prostatectomy patients
(1995–2007)

n=9915

Clinical low-risk patients
n=2543

Clinical low-risk patients with
complete data to assess PRIAS

criteria
n=1512

Excluded
n=7372

Clinical intermediate- or high-
risk, or not enough data to

 classify clinical risk

Excluded
n=1031

Missing prostate volume,
or <10-core biopsy

Met PRIAS
criteria
n=945

Did not meet
PRIAS criteria

n=567

Fig. 1. Flow diagram of patients included/excluded from study cohort. PRIAS: 
Prostate Cancer Research International: Active Surveillance.
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had pT3 tumours, 10 (0.7%) had lymph node metastases, 
and 707 (46.8%) had one or more of Gleason score ≥7, 
pT3, or nodal metastases (Table 2). Based on univariable 
analysis, patients who satisfied all PRIAS criteria were less 
likely to have Gleason score ≥7 (odds ratio [OR] 0.61; 95% 
confidence interval [CI] 0.49‒0.75), pT3 (OR 0.41; 95% CI 
0.31‒0.55), nodal metastases (OR 0.37; 95% CI 0.10‒1.31), 
or any adverse finding (OR 0.56; 95% CI 0.4‒0.69). 
Associations between baseline factors (age, preoperative 
PSA, PSAD, number of positive biopsy cores, and clinical 
stage) and pathological outcomes are presented in Table 3. 
All baseline variables were associated with increased risk 
of Gleason score ≥7 and pT3, and the majority of these 

associations were statistically significant. On multivariable 
analysis, the associations between age, PSA, and number 
of cores positive with Gleason score ≥7 and pT3 remained 
statistically significant.

Recurrence

Patients who met the PRIAS criteria (PRIAS-eligible), were 
less likely to have a positive surgical margin (n=83, 8.9%) 
compared to PRIAS-ineligible patients (n=77, 13.6%; rela-
tive risk [RR] 0.64; 95% CI 0.48‒0.87). At a median fol-
low up of 3.7 years post-surgery, 72 (4.8%) patients were 
diagnosed with PSA recurrence, 24 (1.6%) patients received 

Table 1. Baseline characteristics of PRIAS-eligible and PRIAS-ineligible cohorts

Total
n=1512

PRIAS-eligible
n=945

PRIAS-ineligible
n=567

p

Mean age (SD), years 58.8 (6.9) 58.6 (6.7) 59.3 (7.3) 0.07

Median preoperative PSA (IQR), ng/mL 4.7 (3.4, 6.3) 4.6 (3.2, 6.0) 4.9 (3.7, 6.8) <0.0001

Median prostate volume (IQR), cc
<25, n (%)
25–50, n (%)
>50, n (%)

46.4 (36.2, 60) 49.5 (40.0, 63.0) 41.5 (32.7, 53.0) <0.0001

78 (5.2)
828 (54.7)
606 (40.1)

33 (3.5)
469 (49.6)
443 (46.9)

45 (7.9)
359 (63.3)
163 (28.8)

<0.0001

Median PSA density (IQR)
<0.2ng/mL, n (%)
>0.2ng/mL, n (%)

0.1 (0.06, 0.14) 0.09 (0.06, 0.12) 0.11 (0.07, 0.18) <0.0001

1393 (92.1)
119 (7.9)

945 (100)
0 (0)

448 (79.0)
119 (21.0)

<0.0001

Number of positive biopsy cores (%)
1
2
3
4
≥5

647 (42.8)
379 (25.1)
185 (12.2)
105 (6.9)
196 (13.0)

596 (63.1)
349 (36.9)

0 (0)
0 (0)
0 (0)

51 (9.0)
30 (5.3)

185 (32.6)
105 (18.5)
196 (34.6)

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

Clinical stage, n (%)
cT1
cT2a

1138 (75.3)
374 (24.7)

737 (78.0)
208 (22.0)

401 (70.7)
166 (29.3)

<0.0001

IQR: interquartile range; PRIAS: Prostate Cancer Research International: Active Surveillance; PSA: prostate-specific antigen; SD: standard deviation.

Table 2. Adverse pathological findings among PRIAS-eligible vs. PRIAS-ineligible cohorts

Outcome
Total
n (%)

PRIAS-eligible
n (%)

PRIAS-ineligible
n (%)

ORa 
(95% CI)

p

Gleason sum
6
≥7
Missing

837 (55.4)
651 (43.7)
24 (1.6)

563 (59.6)
362 (38.3)
20 (2.1)

274 (48.3)
289 (51.0)

4 (0.7)

0.61 (0.49–0.75) <0.0001

Pathological stage
pT2
pT3
Missing

1289 (85.3)
219 (14.5)

4 (0.3)

845 (89.4)
96 (10.2)
4 (0.4)

444 (78.3)
123 (21.7)

0 (0)

0.41 (0.31–0.55) <0.0001

Lymph node metastases
N0
N1
Nx

1087 (71.9)
10 (0.7)

415 (27.4)

700 (74.1)
4 (0.4)

241 (25.5)

387 (68.3)
6 (1.1)

174 (30.7)

0.39 (0.10–1.31) 0.1238

Composite outcomeb 
No
Yes
Missing

804 (53.2)
707 (46.8)
1 (0.07)

554 (58.6)
 390 (41.3)

1 (0.1)

250 (44.1) 
317 (55.9)

0 (0)

0.56 (0.45–0.69) <0.0001

aOdds ratio (OR) represents odds of the outcome for PRIAS-eligible cohort compared to PRIAS-ineligible cohort. OR <1 indicates lower odds for the PRIAS-eligible cohort; bcomposite outcome 
includes any of: Gleason ≥7, pT3, or lymph node metastases. CI: confidence interval; PRIAS: Prostate Cancer Research International: Active Surveillance.



CUAJ • August 2017 • Volume 11, Issue 8 241

Active surveillance for prostate cancer

pelvic radiation, and 13 (0.9%) patients received androgen 
deprivation. Recurrence-free survival estimates were similar 
between PRIAS-eligible and PRIAS-ineligible cohorts (hazard 
ratio [HR] 0.71; 95% CI 0.46‒1.09; Fig. 2). 

Death

There were no prostate cancer-related deaths in either the 
PRIAS-eligible or PRIAS-ineligible cohorts, but 31 (2.1%) 
patients died from other causes (Fig. 3). There was no signifi-
cant difference in overall survival between PRIAS-eligible and 
PRIAS-ineligible cohorts (HR 0.72; 95% CI 0.36‒1.47; Fig. 3). 

Discussion 

Active surveillance of prostate cancer aims to prevent 
invasive therapy in patients with clinically insignificant 
tumours.14 Indeed, a significant proportion of patients are 
diagnosed with clinically low-risk prostate cancer and all 
of these men may consider surveillance a viable manage-
ment approach;5 however, we also know that a consider-

able proportion of men with clinically low-risk disease will 
have higher-stage or grade tumours than predicted.15 The 
low recurrence rate and long survival experienced by this 
cohort is consistent with other studies of clinically low-
risk patients treated with radical prostatectomy.16,17 Delay 
in treatment may impact long-term cure for some of these 
men.18 In this study, among patients clinically classified as 
low-risk, approximately 47% were found to have higher-risk 
disease when the prostatectomy specimen was examined. 

The PRIAS criteria aim to stratify patients with prostate 
cancer to identify those at lowest risk of disease misclassi-
fication or progression. Patients in our cohort who satisfied 
all PRIAS criteria were less likely to harbour intermediate- 
or high-risk tumours compared to those who did not meet 
PRIAS criteria (41% vs. 56%, respectively), indicating that 
PRIAS-eligible patients are at less risk of disease misclassifi-
cation compared to PRIAS-ineligible patients. This finding is 
consistent with recent reports assessing the utility of PRIAS 
criteria in smaller cohorts, cohorts that include patients in 
the active surveillance era, and cohorts that include inter-
mediate clinical risk.19-29 While these data suggest that 

Table 3. Univariable and multivariable associations between baseline factors and prostatectomy pathological outcomes

Univariable associations

Outcome
OR (95%CI)

Variable Gleason sum ≥7 Pathological stage pT3 Lymph node metastases Composite outcomea

Age (1 unit increase) 1.04 (1.02–1.05) 1.04 (1.02–1.06) 1.05 (0.95–1.15) 1.04 (1.02–1.05)

Preoperative PSA (1 unit increase) 1.13 (1.07–1.18) 1.13 (1.05–1.20) 1.13 (0.84–1.52) 1.04 (1.08–1.19)

Clinical stage

T2 1.00 (0.79–1.27) 1.14 (0.83–1.58) 2.81 (0.81–9.79) 1.04 (0.83–1.32)

T1 1.00 1.00 1.00 1.00

PSA density

≥0.20 1.74 (1.19–2.54) 2.03 (1.30–3.18) 1.54 (0.19–12.35) 1.76 (1.20–2.57)

<0.20 1.00 1.00 1.00 1.00

Number of positive cores

>2 1.48 (1.19–1.84) 2.24 (1.68–3.00) 2.25 (0.64–7.84) 1.66 (1.34–2.06)

≤2 1.00 1.00 1.00 1.00

Multivariable associations

Outcome
OR (95%CI)

Gleason sum ≥7 Pathological stage pT3 Lymph node metastases Composite outcomea

Age (1 unit increase) 1.03 (1.02–1.05) 1.03 (1.01–1.05) N/Ab 1.03 (1.02–1.05)

Preoperative PSA (1 unit increase) 1.10 (1.04–1.16) 1.09 (1.02–1.18) N/Ab 1.11 (1.06–1.17)

Clinical stage

T2 1.02 (0.80–1.30) 1.09 (0.78–1.53) N/Ab 1.06 (0.83–1.35)

T1 1.00 1.00 N/Ab 1.00

PSA density

≥0.20 1.39 (0.92–2.11) 1.69 (1.03–2.79) N/Ab 1.38 (0.91–2.09)

<0.20 1.00 1.00 N/Ab 1.00

Number of positive cores

>2 1.47 (1.17–1.84) 2.23 (1.66–2.99) N/Ab 1.65 (1.32–2.07)

≤2 1.00 1.00 N/Ab 1.00
aComposite outcome includes any of: Gleason ≥7, pT3, or lymph node metastases; bnot applicable due to the small number of patients with lymph node metastases. CI: confidence interval; OR: 
odds ratio; PSA: prostate-specific antigen.
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PRIAS criteria are useful, there is clear room for improve-
ment to help best select patients for active surveillance.

It is important to recognize that this study may overesti-
mate the risk of under-grading or under-staging contempo-
rary low-risk patients. Many patients undergo a confirma-

tory biopsy within 12 months of their 
initial biopsy prior to being consid-
ered eligible for active surveillance. 
This confirmatory biopsy reclassifies 
approximately 20‒ 25% of patients. In 
addition, prostate magnetic resonance 
imaging and other diagnostic tests 
may be used to decrease the risk of 
misclassification.30-33 Furthermore, the 
estimates in this study were derived 
from a prostatectomy cohort. It is pos-
sible that there are other factors, such 
as rate of PSA change or proportion of 
cancer, that may influence a patient’s 
treatment selection. Applying these 
data to patients who chose non-sur-
gical treatments may not be valid.

Among clinically low-risk patients, 
older age, higher PSA, and an 
increased number of positive biopsy 
cores was independently associated 
with risk of adverse prostatectomy 
pathology. Interestingly, the associa-
tions for PSAD and clinical stage were 

not significant when adjusted for other clinical factors. In 
PRIAS, a PSAD threshold of 0.2 is used; however, a recent 
review of the predictive performance of PSAD revealed that 
decreasing the PSA threshold to 0.15 mg/mL or lower would 
increase the detection of advanced disease.19 Further study 

to optimize clinical factors and 
thresholds is therefore warranted.34

Finally, the findings of this study 
may be limited because some 
patients did not have prostate vol-
ume documented and were there-
fore excluded from analysis. We do 
not know if the patients in this study 
are different from patients without a 
documented prostate volume. Also, 
since the median followup time for 
this study was 3.7 years, we can-
not be certain of the proportion of 
patients with higher Gleason grade, 
extraprostatic extension, or lymph 
node metastases that would develop 
clinical symptoms or die from pros-
tate cancer within their lifetime. 

Conclusion 

Active surveillance may be unde-
rused because of concerns of dis-
ease misclassification. In this study, 
clinically low-risk patients that met 

Fig. 2. Cumulative incidence of time to recurrence among PRIAS-eligible vs. PRIAS-ineligible cohorts. PRIAS: 
Prostate Cancer Research International: Active Surveillance.

Fig. 3. Cumulative incidence of time to death among PRIAS-eligible vs. PRIAS-ineligible cohorts. PRIAS: Prostate 
Cancer Research International: Active Surveillance.
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all PRIAS criteria were less likely to have pathologically 
intermediate- or high-risk cancer at prostatectomy compared 
to those who did not meet all PRIAS criteria. Higher PSA 
and greater than two positive biopsy cores were indepen-
dently predictive of disease misclassification among low-
risk patients. Future studies to further optimize selection of 
patients for active surveillance are warranted. 
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