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Abstract
Purpose To evaluate clinical variables, including magnetic resonance imaging (MRI) predictive of adverse pathology (AP) 
at radical prostatectomy (RP) in men initially enrolled in active surveillance (AS).
Methods A population-based cohort study of men diagnosed with low-risk prostate cancer (PCa), in Stockholm County, 
Sweden, during 2008–2017 enrolled in AS their intended primary treatment followed by RP. AP was defined as ISUP grade 
group  ≥ 3 and/or pT-stage ≥ T3. Association between clinical variables at diagnosis and time to AP was evaluated using Cox 
regression and multivariate logistic regression to evaluate the association between AP and clinical variables at last biopsy 
before RP.
Results In a cohort of 6021 patients with low-risk PCa, 3116 were selected for AS and 216 underwent RP. Follow-up was 
10 years, with a median time on AS of 23 months. 37.7% of patients had AP at RP. Clinical T-stage [Hazard ratio (HR): 1.81, 
95% confidence interval (CI) 1.04–3.18] and PSA (HR: 1.31, 95% CI 1.17–1.46) at diagnosis and age [Odds Ratio (OR): 
1.09, 95% CI 1.02–1.18), PSA (OR: 1.22, 95% CI 1.07–1.41), and PI-RADS (OR 1.66, 95% CI 1.11–2.55)] at last re-biopsy 
were significantly associated with AP.
Conclusion PI-RADS score is significantly associated with AP at RP and support current guidelines recommending MRI 
before enrollment in AS. Furthermore, age, cT-stage, and PSA are significantly associated with AP.

Keywords Prostate cancer · Prostate neoplasm · Active surveillance · Prostate biopsy · Magnetic resonance imaging · MRI · 
Prostate-specific antigen · PSA

Introduction

Active surveillance (AS) is standard of care for men with 
low-risk prostate cancer (PCa) to avoid overtreatment 
of indolent cancers. Most, 80–90%, men who die within 
10–15 years after diagnosis of low-risk PCa will die from 
other causes than PCa [1, 2]. European Association of Urol-
ogy (EAU) recommend that AS should be offered to patients 
with treatable low-risk PCa [3, 4]. The inclusion criteria 
for AS aim to maximize the number of patients eligible for 
AS to avoid overtreatment while simultaneously minimiz-
ing the risk of missing the window of curability. There are 
multiple different inclusion criteria for AS [5–7]. Among the 
most widely used inclusion criteria are the Prostate Cancer 
Research International Active Surveillance (PRIAS) cri-
teria, where men with T1/T2 PCa, PSA ≤ 10 ng/ml, PSA 
density < 0.2 ng/ml per milliliter, one or two positive biopsy 
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cores, and biopsy-GG (ISUP grade group) ≤ 1 are eligible 
[8]. Additionally, current EAU guidelines recommend AS 
for favorable biopsy-GG 2 PCa [3]. A 10-year follow-up 
study of men on AS, evaluating predictors for unfavorable 
outcome at RP, found that biopsy-GG upgrading to > 1 and 
T3 should be the only triggers for an immediate switch to 
treatment, and that an increase in PSA and/or more than two 
positive cores should instigate further investigation rather 
than immediate treatment [9].

Some prior studies exist in regard to predicting upgrading 
at RP after initial AS. Reese et al. evaluated 130 patients ini-
tially on AS who underwent RP and concluded that disease 
reclassification during AS was the only significant factor 
associated with adverse pathology (AP) at RP [10]. Other 
studies have looked at predictors of AP in patient popu-
lations eligible, but not enrolled in AS [11–13]. Only the 
PRIAS study included a statistical analysis of which vari-
ables observed during AS could predict AP at RP [9]. The 
aim of this study was to evaluate predictors for AP in a large 
population-based cohort before and during AS on prostate 
specimen after RP. To our knowledge, this is the largest 
cohort of patients undergoing RP after the initial enrollment 
in AS, including data on MRI, which has been analyzed 
regarding this research question.

Patients and methods

Study design

This is a retrospective, cross-sectional study of men diag-
nosed with low-risk PCa who underwent RP after being 
enrolled in AS in the Stockholm County. Patients were diag-
nosed and operated between January 2008 and December 
2017. Data on tumor characteristics and primary treatment 
were sourced from the National Prostate Cancer Register 
(NPCR), which includes complete data on all diagnosed PCa 
in Sweden [14]. PSA and biopsy data were retrieved from 
all laboratories in Stockholm County. Out of 6021 patients 
between the ages of 40 and 75 years diagnosed with low-
risk and very-low-risk PCa (biopsy-GG = 1, PSA < 10, pT-
stage ≤ 2), 3116 patients enrolled in AS were identified (Fig. 
S1). Swedish guidelines for AS patients, applicable during 
the study period, suggest repeat biopsies within 2–6 months 
of diagnostic biopsy followed by biopsies every 2–3 years, 
repeat PSA tests every 3–4 months during the first 2 years 
and every 6 months after that [4]. The patients in this study, 
after some time on AS, finally underwent RP as curative 
treatment for their PCa. Data on biopsy-GG, pT-stage, mm 
cancer, number of biopsy cores, and number of positive 
cores were collected from diagnostic and surveillance biop-
sies. In a journal review, data on MRI and pathology report 
data from RP specimens were collected, which included 

data on RP-GG, pT-stage, and surgical margins. MRI scans 
were reported by clinical board-certified radiologists and 
performed at both academic and non-academic centers. Data 
on MRI included PI-RADS score, extracapsular extension, 
and number of lesions. Not all patients underwent an MRI, 
since this was not in the guidelines at the time of the study 
period.

Statistical analysis

The primary outcome was upgrading to AP at RP. AP was 
defined as either RP-GG ≥ 3 and/or pT-stage ≥ T3 disease at 
RP. Two separate analyses were performed, from diagnosis 
of PCa as well as from the last surveillance biopsy before 
RP.

In the analysis from diagnosis of PCa to time to AP at RP, 
hazard ratios (HR) were calculated using Cox proportional 
hazard models. If AP was not observed at time of RP, right-
censoring was applied. Previously well-established clinical 
variables were selected for univariate analysis from diagno-
sis to RP, which included age at diagnosis, family history of 
PCa, clinical T-stage, PSA, PSA density, prostate volume, 
ratio of positive biopsy cores, and mm cancer. The non-
correlated relevant variables were selected for a multivariate 
Cox proportional hazard model to calculate P-values and 
HRs with 95% confidence intervals (CI).

In the separate analysis of AP from last surveillance 
biopsy in AS to RP, patients with at least one re-biopsy 
that had been performed within 12 months of the RP were 
selected. The last available data on the variables were 
selected. Both univariate and multivariate analyses were 
performed. Multivariate logistic regression was used to cal-
culate P values and Odds Ratios (OR) with 95% CIs. In addi-
tion to the variables mentioned above, this analysis included 
time on AS, time since last biopsy, PI-RADS score, and 
number of lesions on MRI. A two-sided P value of < 0.05 
was considered significant for all analyses. Statistical analy-
sis was performed using R version 3.6.1 [15].

Results

A total of 6021 men were identified with low- and very-low-
risk PCa between January 2008 and December 2017. 3116 
(51.8%) were enrolled in AS their primary treatment, and out 
of these men, 216 (6.9%) underwent RP with a median time 
on AS of 23 (5–109, Q1–Q3) months. Complete RP pathol-
ogy data were available for 212 out of 216 patients. Table 1 
shows the patient and disease characteristics at diagnosis 
for all patients with low- and very-low-risk PCa, patients 
enrolled in in AS, and patients who underwent RP.

Table 2 shows the changing disease characteristics from 
diagnosis, via last biopsy, to RP. 37.7% of patients had AP 
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at RP. 26.5% of patients had T3 disease at RP. 70.7% of 
patients had GG ≥ 2 at last surveillance biopsy compared 
to 83.5% at RP (Fig. S2). 76% of patients were reclassi-
fied, based on PSA ≥ 10 and/or biopsy-GG ≥ 2, before RP. 
42% of the reclassified men had AP at RP compared to 24% 
of men who were not reclassified. 70.8% of patients were 
upgraded to biopsy-GG ≥ 2 and 23.1% presented with an 
elevated PSA > 10 before RP. 23.6% of the patients were 
not upgraded preoperatively and underwent RP due to other 
causes. Most patients (76.9%) had an MRI during surveil-
lance, and 63.8% of these patients had an associated PI-
RADS score. MRI and PI-RADS score were introduced 
into clinical practice during the study period, with 57% and 
90.5% of patients having an MRI with 2015 and 2017 as 
their year of RP, respectively (Fig. S3).

Among men with a highest PI-RADS-score of ≤ 2, 3, 4, 
and 5 at the latest MRI, the proportion having AP at radical 
prostatectomy was 15%, 16%, 39%, and 57%, respectively. 
Among men with a PSA density of ≥ 0.15, 45% had AP at 
RP compared to 26% of men with a PSA density of < 0.15.

From diagnosis of PCa, univariate analysis showed that 
significant predictors of AP at RP were family history of 
PCa, cT-stage, PSA, PSA density, ratio of positive biopsy 
cores, and mm cancer at biopsy. Multivariate analysis 
showed that cT-stage (T2) (HR: 1.81, 95% CI 1.04–3.18), 
PSA (HR: 1.31, 95% CI 1.17–1.46), and prostate volume 
(HR: 0.97, 95% CI 0.95–0.99) were significantly associ-
ated with AP (Fig. 1a). Age, family history of PCa, prostate 
volume, and ratio of positive cores at diagnosis were not 
significantly associated with AP in the multivariate analysis.

In a separate analysis of AP at RP with variables from 
the last surveillance, significant predictors of AP on uni-
variate analysis were increasing age, PSA, PSA density, mm 
cancer at biopsy, and PI-RADS (Fig. 1b). Age (OR: 1.09, 
95% CI 1.02–1.18), PSA (OR: 1.22, 95% CI 1.07–1.41), and 
PI-RADS (OR: 1.66, 95% CI 1.11–2.55) were significantly 
associated with AP in multivariate analysis. Time on AS, 
family history of PCa, cT-stage, and prostate volume were 
not associated with an increased risk of AP. The multivariate 
model included only the 121 patients with data on PI-RADS 

Table 1  Patient characteristics

Data are presented as median and Q1–Q3 for continuous variables and as numbers and percentages for ordinal and categorical variables
RP radical prostatectomy, AS active surveillance
*Any first-degree family member diagnosed with PCa
a AS cohort compared with overall cohort
b RP cohort compared with AS cohort

Overall (n = 6021) AS cohort (n = 3116) P  valuea RP cohort (n = 212) P  valueb

Age at diagnosis  < 0.0001 0.07
 < 60 1688 (28.2%) 725 (23%) 56 (26.4%)
 60–69 3387 (56%) 1869 (56%) 129 (60.8%)
 ≥ 70 946 (16%) 522 (17%) 27 (12.7%)

Family history of PCa* 0.02 0.02
 No 4989 (83%) 2639 (85%) 165 (77.8%)
 Yes 1032 (17%) 555 (19%) 47 (22.2%)

cT-stage  < 0.0001 0.05
 T1 5020 (83%) 2761 (89%) 178 (84%)
 T2 914 (15%) 314 (10%) 32 (15.1%)
 Missing 87 (1.4%) 41 (1.3%) 2 (1%)

PSA (ng/ml) 0.004 0.005
 0–3 781 (12.5%) 451 (14.7%) 24 (11.3%)
 3–5 2381 (40%) 1252 (40%) 72 (34%)
 5–10 2859 (48%) 1413 (45%) 116 (54.7%)
 ≥ 10 0 (0%) 0 (0%) 0 (0%)

PSA density (ng/ml/ml)  < 0.0001  < 0.0001
 < 0.15 3618 (60%) 2094 (67.2%) 113 (53.3%)
 ≥ 0.15 2120 (35.2%) 894 (28.7%) 96 (45.3%)
 Missing 283 (4.7%) 128 (4.1%) 3 (1.4%)

Prostate volume (ml)  < 0.0001  < 0.0001
 Median (Q1–Q3) 37 (28–50) 40 (30–52) 33 (27–43)
 Missing 283 128 3
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Table 2  Disease characteristics 
at diagnosis, last biopsy, and 
radical prostatectomy

Diagnostic biopsy 
(n = 212)

Last biopsy before 
RP (n = 212)

RP (n = 212)

Age at diagnosis/age at RP
 < 60 56 (26.4%) 39 (18.4%)
 60–69 129 (60.8%) 118 (55.7%)
 70 + 27 (12.7%) 55 (25.9%)

cT/pT-stage
 T1 180 (84.9%) 156 (73.6%) 0 (0%)
 T2 32 (15.1%) 56 (26.4%) 155 (73.1%)
 T3a 0 (0%) 0 (0%) 51 (24.1%)
 T3b 0 (0%) 0 (0%) 5 (2.4%)
 Missing 1 (0.5%)

PSA (ng/ml)
 0–3 24 (11.3%) 14 (6.6%)
 3–5 72 (34.0%) 51 (24.1%)
 5–10 116 (54.7%) 98 (46.2%)
 10 + 0 (0%) 49 (23.1%)

PSA density (ng/ml/ml)
 < 0.15 113 (53.3%) 78 (36.8%)
 ≥ 0.15 96 (45.3%) 134 (63.2%)
 Missing 3 (1.4%) 0 (0%)

ISUP grade group
 1 212 (100.0%) 62 (29.2%) 35 (16.5%)
 2 0 (0%) 110 (51.9%) 126 (59.4%)
 3 0 (0%) 31 (14.6%) 36 (17.0%)
 ≥ 4 0 (0%) 9 (4.2%) 15 (7.1%)

Surgical margins
 Negative 144 (67.9%)
 Positive 66 (31.1%)
 Missing 2 (.9%)

Adverse pathology (≥ T3 and/or ISUP ≥ 3)
 No 131 (61.8%)
 Yes 80 (37.7%)
 Missing 1 (.5%)

Time since last biopsy before RP (months)
 Median (Q1–Q3) 4 (2–7)

Number of re-biopsies
 0 14 (6.6%)
 1 112 (52.8%)
 2 55 (25.9%)
 3 + 31 (14.6%)

Ratio of pos cores (%)
 Median (Q1–Q3) 17 (10–25) 33 (25–58)

mm cancer (mm)
 Median (Q1–Q3) 3 (1.5–6) 12 (6–20)
 Missing 3 0

Time on AS (months)
 Median (min–max) 23 (5–109)

MRI
 Yes 163 (76.9%)
 No 49 (23.1%)

PIRADS
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score. In a sensitivity analysis, a separate multivariate analy-
sis of all 212 patients, excluding PI-RADS, showed the same 
variables as being significant.

Discussion

In this large population-based AS cohort, cT-stage and PSA 
at diagnosis of PCa were significantly associated with AP 
at RP. At the last surveillance biopsy before RP, age, PSA, 
and PI-RADS score were significant predictors of AP at 
RP. Importantly, no association between time on AS and 
AP was found. Our results emphasize the importance and 
difficulty in selecting the right patients for AS and suggest 
that improvements in diagnostic precision before enrollment 
and during AS, with PSA, digital rectal exam, confirmatory 
biopsy, and MRI, would aid the decision-making.

Predicting adverse pathology at radical 
prostatectomy

Significant predictors of AP on RP varied slightly between 
analysis from diagnosis and from last re-biopsy. In both 
analyses, PSA was a predictor of AP, and at diagnosis, cT-
stage was significantly associated with AP. Other studies 
have linked PSA and PSA density to AP at RP [10, 11, 13]. 
However, most of these studies include patients that could 
potentially be enrolled in AS and few of them are actually 
based on patients enrolled in AS. Older age and its link to 
AP at RP, shown in other studies, were confirmed in this 
study [16, 17]. Some biopsy variables, percent positive 
biopsy cores, and total mm cancer, previously shown to 
have a significant association with AP, did not show an asso-
ciation in this study, which possibly could be explained by 

differences in biopsy sampling in a patient population that is 
not enrolled in AS [13]. Additionally, 31.3% of the patients 
in this study underwent a targeted biopsy which could affect 
mm cancer and number of positive cores detected. In the 
largest study (PRIAS) of AP at RP after initial AS, AP was 
only significantly associated with biopsy-GG > 1 on last 
biopsy [9]. However, PSA density, MRI, and time on AS 
were not included in the PRIAS study and more than 50% 
of the patients discontinued AS due to PSA doubling time 
and/or > 2 positive biopsy cores. Comparing the results at 
RP in our study to the PRIAS study showed that favorable 
pathology (RP-GG 1 and pT2) was observed in 17% and 
34%, respectively, which could indicate overtreatment in the 
PRIAS study.

MRI and active surveillance

Our results show that PI-RADS score on MRI was sig-
nificantly associated with AP at RP. This is in line with 
today’s AS guidelines recommending a prostate MRI 
before AS enrollment for an accurate disease staging and 
a better informed initial decision of AS [3, 4, 18]. Previ-
ous evidence has shown that in men on AS, a positive MRI 
is more likely to be associated with upgrading to biopsy-
GG ≥ 2 than a negative MRI [19, 20]. A randomized 2-year 
post-biopsy follow-up study (ASIST) showed that MRI with 
systematic and targeted biopsies resulted in 50% fewer AS 
failures and upgrading of PCa compared to only systematic 
biopsies (SBx) [21]. Regarding MRI during surveillance, 
there are a few prospective studies evaluating MRI-based 
AS protocols, all indicating that targeted biopsies (TBx) 
increases the detection of clinically significant PCa (csPCa) 
compared to SBx alone [22–25]. In addition to increasing 
the detection rate of csPCa, MRI-based AS protocols also 

RP radical prostatectomy, AS active surveillance

Table 2  (continued) Diagnostic biopsy 
(n = 212)

Last biopsy before 
RP (n = 212)

RP (n = 212)

 ≤ 2 22 (13.5%)
 3 19 (11.7%)
 4 38 (23.3%)
 5 45 (27.6%)
 Missing 39 (23.9%)

Number of lesions
 0 22 (13.5%)
 1 88 (54.0%)
 2 44 (27.0%)
 3 9 (5.5%)

Targeted biopsy
 Yes 51 (31.3%)
 No 112 (68.7%)



1802 World Journal of Urology (2021) 39:1797–1804

1 3



1803World Journal of Urology (2021) 39:1797–1804 

1 3

aim to reduce invasive surveillance through fewer biopsies. 
However, several studies have shown that the risk for MRI 
negative tumors in men on AS is not negligible [22, 26]. In 
our study, 14 out of 212 patients did not have a confirmatory 
re-biopsy before RP, most of whom had a PI-RADS score of 
4 or 5. This could reflect patient anxiety or lack of compli-
ance to protocols by the treating physician [27]. Previous 
evidence shows lack of compliance in surveillance biopsies 
during AS [28]. Our group reported that only 42% in this AS 
cohort were re-biopsied within the first year, despite guide-
line recommendations [29]. Compliance to AS protocol 
also decreases over time [29, 30]. Likely, adherence would 
increase if future AS protocols were optimized towards less 
invasive surveillance, i.e., by implementing mpMRI into AS 
regimens.

Strengths and limitations

This is one of the largest population-based AS cohorts 
including data on disease progression and treatment. The 
Stockholm PSA and Biopsy Register contains data on 
clinical variables, PSA values, and re-biopsies which give 
important information on predictors of cancer progression. 
Furthermore, our study includes data from several popu-
lation-based registers with near-complete coverage. Apart 
from the retrospective design, a limitation of our study is 
the selected cohort of AS patients undergoing surgery where 
70.8% of patients were upgraded to biopsy-GG > 1 before 
RP. This might be explained by a primary misclassification 
of PCa at diagnosis and highlights the importance of opti-
mized diagnostics before enrollment into AS. Furthermore, 
as MRI was not in the guidelines at the time of the study, 
only 76.9% had an MRI before or during AS and only the 
last available MRI was included. Data on the purpose of the 
MRI, part of AS protocol before inclusion or staging before 
surgery, were also not available for this study. Additionally, 
targeted biopsies performed during AS were a combination 
of cognitive and fusion biopsies, which could affect biopsy 
variables.

Conclusions

In this population-based large AS cohort, the conversion 
rate to RP was low during the first years of surveillance. 
PI-RADS score on MRI is significantly associated with AP 

at RP which supports the current guidelines that recom-
mend the use of MRI before enrollment in AS to reduce 
risk of misclassification at diagnosis of PCa. Age, PSA, and 
clinical stage at diagnosis predict AP at RP, suggesting that 
these variables are still valid for selection of appropriate AS 
patients. Our findings may aid in the decision-making for 
selection and treatment decisions in men on AS.
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