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Abstract

Purpose: We sought to evaluate whether bilateral prostate cancer detected at active surveillance 

(AS) enrollment is associated with progression to Grade Group (GG) ≥2 and to compare the 

efficacy of combined targeted biopsy plus systematic biopsy (Cbx) vs systematic biopsy (Sbx) or 

targeted biopsy alone to detect bilateral disease.

Materials and Methods: A prospectively maintained database of patients referred to our 

institution from 2007–2020 was queried. The study cohort included all AS patients with GG1 

‡Correspondence: 10 Center Dr., Building 10, CRC, Rm. 2W-5940, Bethesda, Maryland 20892 (telephone: 240-858-7200; FAX: 
301-402-0922; pintop@mail.nih.gov).
*Equal study contribution.
†Principal Investigator on the following Cooperative Research & Development Agreements (CRADAs) between NIH and industry: 
Philips, Philips Research, Celsion Corp., BTG Biocompatibles/Boston Scientific, Siemens, NVIDIA and XAct Robotics.

Ethics approval: This study was performed in line with the principles of the Declaration of Helsinki. Approval was granted by the 
Institutional Review Board of the National Cancer Institute (IRB No. 05-CC-0091).

Conflicts of interest/Competing interests: NIH and Philips have a Cooperative Research and Development Agreement. NIH 
has intellectual property in the field, including among other patents and patent applications, Patent: “System, methods, and 
instrumentation for image guided prostate treatment” US Patent number: 8948845, with inventors/authors including PLC, BW and 
PP. NIH and Philips (InVivo Inc) have a licensing agreement. NIH and authors PLC, BW and PP receive royalties from the U.S. 
government for a licensing agreement with Philips/InVivo Inc. NIH does not endorse or recommend any commercial products, 
processes or services. The views and personal opinions of authors expressed herein do not necessarily reflect those of the U.S. 
Government, nor reflect any official recommendation nor opinion of the NIH nor NCI.

HHS Public Access
Author manuscript
J Urol. Author manuscript; available in PMC 2023 May 09.

Published in final edited form as:
J Urol. 2021 November ; 206(5): 1157–1165. doi:10.1097/JU.0000000000001941.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



on confirmatory Cbx and followup of at least 1 year. Cox proportional hazard analysis identified 

baseline characteristics associated with progression to ≥GG2 at any point throughout followup.

Results: Of 579 patients referred, 103 patients had GG1 on Cbx and were included in the 

study; 49/103 (47.6%) patients progressed to ≥GG2, with 30/72 (41.7%) patients with unilateral 

disease progressing and 19/31 (61.3%) patients with bilateral disease progressing. Median time 

to progression was 68 months vs 52 months for unilateral and bilateral disease, respectively 

(p=0.006). Both prostate specific antigen density (HR 1.72, p=0.005) and presence of bilateral 

disease (HR 2.21, p=0.012) on confirmatory biopsy were associated with AS progression. At 

time of progression, GG and risk group were significantly higher in patients with bilateral versus 

unilateral disease. Cbx detected 16% more patients with bilateral disease than Sbx alone.

Conclusions: Bilateral disease and prostate specific antigen density at confirmatory Cbx 

conferred greater risk of earlier AS progression. Cbx was superior to Sbx for identifying bilateral 

disease. AS risk-stratification protocols may benefit from including presence of bilateral disease 

and should use Cbx to detect bilateral disease.
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Active surveillance (AS) is increasingly utilized to manage low-risk prostate cancer because 

it reduces treatment-related morbidity while minimizing risk of mortality.1,2 Longitudinal 

outcomes of patients on AS for Grade Group (GG) 1 disease show a prostate cancer specific 

mortality of less than 1%.3 The traditional diagnostic methods for detecting candidates for 

AS (elevated prostate specific antigen [PSA] (>4 ng/ml) followed by 12-core systematic 

biopsies) are currently limited by the risk of over-diagnosis of clinically insignificant 

prostate cancers and underdiagnosis of higher-grade cancers.4 Overall, moderate rates of 

AS progression within 1–2 years of AS initiation indicate that current methods of initial 

screening may be missing more aggressive cancers.5

Currently, multiparametric magnetic resonance imaging (mpMRI)-guided targeted biopsy 

(Tbx) with combined extended sextant 12-core systematic biopsy (Sbx) has been defined 

as combined biopsy (Cbx) and has been documented as the most accurate method to 

detect clinically significant prostate cancers when compared to either method alone.4,6 

Accordingly, Cbx has been shown to improve the selection of AS patients to minimize 

risks of AS failure at followup.7 As imaging and diagnostic methods improve and more 

patients with low-risk prostate cancers opt for AS, it is imperative to utilize additional 

patient variables to risk-stratify patients at diagnosis and to personalize a monitoring 

strategy. Currently, there is no universal consensus on biopsy criteria for AS enrollment. 

Studies utilizing Sbx for risk stratification suggest grade progression on AS is associated 

with baseline characteristics of the biopsy including number of positive cores, presence of 

bilateral disease and tumor volume.3,8 However, there is a paucity of evidence regarding 

the utility of Cbx for detecting bilateral disease and its possible association with subsequent 

AS failure. In this study we aimed to determine the risk of AS failure associated with the 

presence of bilateral prostate cancer at AS enrollment and further describe the diagnostic 

value of Cbx vs Sbx only and vs Tbx only in detection of bilateral disease.
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METHODS

Patient Selection

The cohort was identified from a prospectively maintained database of patients referred 

to a tertiary referral center for consideration for AS between July 2007 and January 2020 

who were enrolled in trial NCT00102544 (IRB No. 05-CC-0091). Eligible patients had a 

diagnosis of prostate cancer on Sbx prior to referral, underwent prostate mpMRI at our 

institution and received confirmatory Cbx at our institution at time of enrollment. For this 

study, patients were excluded if their disease was upgraded to ≥GG2 on our confirmatory 

Cbx or if they did not have any followup biopsy at our institution. Patients with GG2 on 

outside biopsy and GG1 on confirmatory biopsy were included as GG1 at AS enrollment. 

Following confirmatory Cbx, patients received yearly followup, including PSA and physical 

examination. Surveillance mpMRI and Cbx were offered every 1–2 years. The current 

study’s cohort is a subgroup of patients identified from our AS cohort, which has been 

previously reported on.7

Imaging and Biopsy Protocol

mpMRI images were obtained using a 3T MRI with a 16-channel surface coil and, 

in some cases, endorectal coil. MRI pulse sequences obtained included T2-weighted, 

dynamic contrast enhanced, and diffusion-weighted imaging including a high b-value image 

and apparent diffusion coefficient maps. Images were prospectively read by 2 expert 

genitourinary radiologists on consensus (PC and BT). Patient mpMRI studies were also 

assigned a 1–5 Likert suspicion score (National Institutes of Health [NIH] Suspicion Score), 

which has been previously described, and MRI scans after 2015 were assigned Prostate 

Imaging–Reporting and Data System™ (PI-RADS™) v2 scores.9,10 Based on mpMRI 

images, suspicious lesions (defined as PI-RADS >2/NIH Suspicion>Low) underwent 

targeted MRI-transrectal ultrasound image fused guided transrectal biopsies taking cores 

in both the axial and sagittal planes with the aid of electromagnetic tracking using software 

guidance with the UroNav™ MR/Ultrasound fusion biopsy device (Philips Healthcare).9 

Patients subsequently underwent systematic extended-sextant biopsy collecting 12-cores 

from both medial and lateral aspects of the apex, mid and base of each lobe of the gland.

Statistical Analysis

AS failure was defined as grade progression to GG ≥2 on any repeat biopsy after initial 

confirmatory biopsy at time of enrollment. Baseline patient characteristics were compared 

using Mann-Whitney U or chi-square tests for continuous and categorical variables, 

respectively. Fisher’s exact tests were used where chi-square approximation was not 

accurate. Multivariate analysis with a Cox proportional hazard analysis was conducted to 

identify clinical variables at the time of AS enrollment that significantly associated with 

AS progression. Clinical variables used in the multivariate model were selected using a 

lasso regression analysis and included: Age, PSA, PSA density (PSAD; the number of 

positive cores on systematic biopsy, and the presence of unilateral or bilateral disease on 

confirmatory biopsy. The proportional hazards assumption was verified for all variables 

included in the model using scaled Schoenfeld residuals testing. PSAD was calculated from 

the PSA immediately prior to confirmatory biopsy divided by the volume of the prostate on 
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mpMRI. Each patient’s risk group at the time of progression was calculated based on the 

National Comprehensive Cancer Network© (NCCN©) prostate cancer risk stratification. A 

Kaplan-Meier estimator was used to create time to AS progression curves for patients with 

unilateral and bilateral disease, and curves were compared using a log-rank test. Chi-squared 

test was used to compare the distribution of GG and NCCN risk categories at time of 

progression between patients with unilateral and bilateral disease. All tests were 2-sided, 

and results with p <0.05 were considered statistically significant. Statistical analyses were 

performed using R version 4.0.2 (R Project for Statistical Computing, Vienna, Austria).

RESULTS

Patient Characteristics

A total of 579 patients with an outside diagnosis of GG1 or GG2 prostate cancer were seen 

in the NIH Clinical Center between July 2007 and January 2020. On confirmatory Cbx, 

27.8% (161/579) of patients had a diagnosis of GG1 and 33.0% (191/579) of patients had 

a diagnosis of GG2. A total of 58 patients did not enroll in our AS clinical trial. As a 

result, 103 patients with GG1 disease on AS had at least 1 followup biopsy at the NIH and 

were included in the final analysis (fig. 1). Median followup time was 38 months in these 

103 patients with GG1 disease. Characteristics of these patients and their AS followup are 

detailed in tables 1 and 2. Median age was 62 years (quartiles: 58–67). The median PSA 

and PSAD were 4.81 ng/ml (quartiles: 3.7–7.1) and 0.096 ng/ml2 (quartiles: 0.068–0.142), 

respectively. Median prostate volume was 48.25 ml (quartiles: 38.75–66.25). The number of 

MRI-visible lesions ranged from 1 to 6, with a median of 1.5 lesions, and there were no 

demographic differences among patients with unilateral and bilateral disease (table 1). Most 

patients (96.12%) had 4 or fewer lesions visible on MRI, and there was no difference in 

the number of lesions between patients with bilateral vs unilateral disease (supplementary 

table 1, https://www.jurology.com). One patient with bilateral disease had no visible lesion 

on mpMRI and cancer was detected on Sbx alone.

Time to Progression to GG2 or Greater

Out of 103 patients, 30% (31/103) had bilateral disease identified on combined biopsy and 

70% (72/103) had unilateral disease. Overall, 47% (49/103) of patients progressed to ≥GG2 

disease on followup biopsy; 42% (30/72) of patients with unilateral disease progressed, 

and 61% (19/31) of patients with bilateral disease progressed (table 2). On multivariate 

cox proportional hazard analysis, both PSAD (HR=2.21; 95% CI 1.41–3.48) and presence 

of bilateral disease (HR=3.06; 95% CI 1.31–7.13) at time of confirmatory biopsy were 

significantly associated with later progression to ≥GG2 disease (table 3). On Kaplan-Meier 

survival estimation, median time from Cbx to progression ≥GG2 for the whole cohort was 

52 months (95% CI 44–68). The median time to progression for patients with unilateral and 

bilateral disease was 68 months and 52 months, respectively (log-rank test, p=0.006; fig. 2).

Combined Biopsy vs Systematic and MRI-Targeted Biopsy for Detecting Bilateral Disease

Of the 31 patients who had bilateral disease on Cbx, Sbx identified bilateral disease in 

83.9% (26/31) of patients, resulting in an added value of 16.1% for Cbx in detecting bilateral 

disease; 65% (20/31) of patients with bilateral cancer were detected by Sbx alone, 9.7% 
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(3/31) of patients with bilateral cancer were detected by mpMRI-targeted biopsy alone, 6.5% 

(2/31) of patients with bilateral cancer were detected by Cbx alone (eg a right-sided lesion 

was only detected by targeted biopsy and a left-sided lesion was only detected by systematic 

biopsy, or vice versa), and 19% (6/31) of patients with bilateral cancer were detected by 

both MRI and Sbx. Grade progression was detected by SBx only in 9/49 (18.4%) patients, 

detected by Tbx only in 14/49 (28.6%) patients, and detected by both methods in 26/49 

(53.1%) patients (table 2).

NCCN Risk and Grade Group at Time of Progression

We further assessed grade group and NCCN risk group of cancer after progression. Among 

the 103 patients diagnosed with GG1 on confirmatory biopsy, the baseline NCCN risk 

groups on confirmatory biopsy ranged from very low risk to favorable intermediate risk. 

There were no significant differences in baseline risk groups between patients with unilateral 

and bilateral disease. For patients who progressed on AS, the risk groups at the time 

of progression varied between favorable intermediate to very high risk with most of the 

unilateral and bilateral cohorts progressing to unfavorable intermediate risk disease (50% 

and 37%, respectively). The proportion of patients with bilateral disease and high-risk or 

very high-risk disease was greater than that of patients with unilateral disease (48% vs 10% 

for bilateral and unilateral, respectively). Bilateral disease conferred greater risk of being 

upgraded to an NCCN risk category of high or very high on upgraded biopsy (relative risk: 

3.16, 95% CI 1.004–9.932). NCCN risk category (p=0.015) and GG (p=0.024) at time of 

progression were significantly higher among patients with bilateral disease compared with 

unilateral disease on confirmatory biopsy (fig. 3). We additionally repeated cox proportional 

hazard analysis for the risk of upgrading to GG ≥3 which demonstrated that bilateral disease 

(HR: 4.89; CI 1.60–15.02), PSAD (HR: 2.86; CI 1.65–4.97), and patient age (HR=1.1; CI 

1.02–1.19) predicted risk of upgrading (supplementary table 2, https://www.jurology.com).

DISCUSSION

In this study we report on a cohort of patients with biopsy-proven prostate cancer for 

enrollment in an AS prostate cancer clinical protocol. We found that the presence of bilateral 

prostate cancer at time of enrollment in AS was associated with higher risk for disease 

progression. In addition, we found significant added value in Cbx for detecting bilateral 

disease at time of confirmatory biopsy. The current literature on risks associated with the 

presence of bilateral disease in patients on AS is sparse.11 In a retrospective study published 

in 2019, Wang et al observed that bilateral disease detected on Sbx was the strongest 

risk factor for AS failure.12 On AS reclassification-free survival analysis, they found that 

bilateral disease was associated with earlier reclassification on followup biopsy (32 months 

for bilateral disease vs 119 months for unilateral disease). We expand on this work by 

adding that detection of bilateral disease using mpMRI of the prostate and Cbx, rather 

than Sbx alone, was significantly associated with disease progression in patients on AS and 

finding that PSAD at the time of AS enrollment additionally predicted future progression. 

Despite this difference in biopsy technique, we similarly found that both the presence of 

bilateral disease at the time of confirmatory biopsy and PSAD were significant predictors 

of progression on AS. Currently, the number of positive cores on systematic biopsy is 
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used as proxy for tumor volume or tumor multifocality.13 Bilaterality similarly estimates 

gland involvement, and in the current study, bilaterality had stronger predictive value for 

progression than positive systematic biopsy cores.

Our analysis did not identify any significant baseline differences in age, PSA, prostate 

volume, or number of follow up biopsies between the patient populations. In this cohort, 

the median time to progression was 52 months and 68 months for bilateral and unilateral 

disease, respectively. Studies with longer followup may find an even greater difference in the 

time to progression.14–16

Few studies have examined the risk of bilateral disease for adverse outcomes. One 

retrospective cohort study of 63 patients found that bilateral disease was significantly 

associated with positive surgical margins on local treatment.17 A later study by 

Sfoungaristos et al reported that patients with bilateral multifocal disease at biopsy are 

more likely to have adverse pathological features such as extraprostatic extension at 

prostatectomy.18 Similarly, in our cohort, GG and NCCN risk groups among upgraded 

patients at time of progression were significantly higher in patients with bilateral disease 

despite being the same at baseline. Taken together, bilateral prostate cancer, even of low 

grade, may be an indicator of poorer prognosis, and patients with bilateral disease detected 

at enrollment may harbor more aggressive cancer.

Despite these increased risks among patients with bilateral disease, the implications still 

remain unclear. Our results confirm previous work that Cbx is the preferred method for 

AS risk stratification at diagnosis as this led to a 16% increase in cancer detection rate 

of bilateral disease compared with systematic alone SBx alone underestimates bilateral 

disease.19 Multiple studies have reported that systematic detection of unilateral cancer 

among low-risk patients is largely unreliable, with ranges of 48% to 80% of patients 

classified as possessing unilateral disease ultimately having bilateral disease.19–21 Use of 

mpMRI guidance in combination with Sbx improves the sensitivity and specificity of 

bilateral disease.6 Our study indicates that the use of Cbx confers additional benefits for 

risk stratification beyond cancer detection and could further direct treatment such as electing 

AS in a specific cohort of patients.

It is worth noting that 1 patient in our cohort who was upgraded to ≥GG2 on followup 

biopsy had no MRI-visible lesion. The significance of such cases is unclear, as previous 

studies have shown, having no MRI-visible lesions is not predictive of prostate cancer 

upstaging nor is it associated with AS failure.22 Thus, MRI-visible bilateral lesions may be 

more important than simply detecting bilateral disease at biopsy.

This study has some limitations. As our institution is a referral center, our cohort was 

established based on outside referrals from a variety of centers, thereby introducing a 

potential selection bias. Additionally, it was previously reported that the overall agreement 

between our center’s confirmatory biopsy and referral center biopsy was as low as 30%, 

suggesting that access to mpMRI or provider experience may additionally affect detection of 

bilateral disease.7 PI-RADS v2 (introduced in 2015) and its updated version V2.1 introduced 

in 2019 may improve the accuracy and diagnostic value of mpMRI among radiologists. 
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Although our institution strictly applies PI-RADS routinely, robust analysis of PI-RADS 

within this cohort was not possible because many of the patients were scanned before 

PI-RADS was operational. Finally, with 49 events in the study, the sample size is relatively 

small which limited the number of factors screened for the multivariate analysis.

CONCLUSIONS

The presence of bilateral disease and PSAD at time of enrollment on AS are associated with 

prostate cancer progression, and combined MRI-targeted plus systematic biopsy improves 

the detection rate of bilateral disease. Incorporation of the presence of bilateral disease on 

combined prostate biopsy could contribute to risk stratification and help guide management 

from the time of entry on AS.
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Abbreviations and Acronyms

AS active surveillance

Cbx mpMRI-guided targeted biopsy (Tbx) with combined extended 

sextant 12-core systematic biopsy (Sbx)

GG Grade Group

NCCN© National Comprehensive Cancer Network©

mpMRI multiparametric MRI

MRI magnetic resonance imaging

NIH National Institutes of Health

PI-RADS™ Prostate Imaging–Reporting and Data System™

PSA prostate specific antigen

PSAD prostate specific antigen density
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Sbx extended sextant 12-core systematic biopsy

Tbx MRI-targeted prostate biopsy
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Study Need and Importance:

The traditional diagnostic methods for detecting candidates for active surveillance (AS) 

are elevated prostate specific antigen (>4 ng/ml) followed by 12-core systematic biopsies. 

This approach is currently limited by the risk of over diagnosis of clinically insignificant 

prostate cancers and under diagnosis of higher-grade cancers. Moderate rates of AS 

progression within 1–2 years of AS initiation indicate that current methods of initial 

screening may be missing more aggressive cancers. Use of combined targeted and 

systematic biopsy has improved selection of patients for AS, but additional patient 

variables like prostate specific antigen density (PSAD) and lesion volume may improve 

identification for patients most at risk for AS failure. This retrospective study was 

designed to identify patient variables at the time of enrollment that conferred risk of 

grade progression on AS.

What We Found:

The presence of bilateral vs unilateral prostate cancer detected by combined biopsy 

at AS initiation significantly increased the risk of progressing from grade group 

(GG) 1 to ≥GG2 during active surveillance. Of the patients with unilateral disease 

41.7% progressed and 61.3% with bilateral disease progressed. Higher PSAD was also 

associated with AS progression. Patients with bilateral disease also progressed to higher 

GG and risk groups at the time of progression. Combined biopsy detected 16% more 

patients with bilateral disease than systematic biopsy alone.

Limitations:

This study may be limited by selection bias. Our institution is a referral center, and our 

cohort was established based on outside referrals from a variety of centers. Additionally, 

although our institution strictly applies Prostate Imaging–Reporting and Data System™ 

(PI-RADS™) routinely, robust analysis of PI-RADS within this cohort was not possible 

because many of the patients were scanned before PI-RADS was operational. PI-RADS 

version 2 (v2) was introduced in 2015 and its updated version (v2.1) was introduced in 

2019. Finally, with 49 events in the study the sample size is relatively small which limited 

the number of factors screened for the multivariate analysis.

Interpretation for Patient Care:

Patients with GG1 cancer who are eligible for AS may be at increased risk of progression 

if they harbor disease in both prostatic lobes or have high PSAD. Combined biopsy is 

a superior method for identifying bilateral prostate cancer. Incorporation of these patient 

variables could be considered in evaluation of patients eligible for AS.
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Figure 1. 
Flowchart of patient enrollment on active surveillance with bilateral and unilateral disease.
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Figure 2. 
Kaplan-Meier curve demonstrating time to AS progression for patients found to have 

unilateral and bilateral disease on confirmatory biopsy (log-rank test: p=0.0055).
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Figure 3. 
Distribution of GG (A) and NCCN risk groups (B) at progression among patients who 

progressed.
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Table 3.

Clinical variables at time of confirmatory biopsy associated with subsequent AS progression to GG ≥2

Multivariate

Variables HR p Value

Age 1.03 (0.99–1.08) 0.15

PSA 0.96 (0.86–1.08) 0.49

PSAD 2.21 (1.41–3.48) <0.001*

Pos cores on systematic biopsy 0.94 (0.75–1.18) 0.61

Bilat disease 3.06 (1.31–7.13) 0.009*

*
Values in bold indicate statistical significance (p <0.05).
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