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Abstract

Purpose: Active surveillance for patients with low and intermediate risk prostate cancers is 

becoming a more utilized option in recent years. However, the use of magnetic resonance imaging 

and imaging-targeted biopsy for monitoring grade progression has been poorly studied in this 

population. We aim to define the utility of magnetic resonance imaging-targeted biopsy and 

systematic biopsy in an active surveillance population.

Materials and Methods: Between July 2007 and January 2020, patients with diagnosed 

prostate cancer who elected active surveillance were monitored with prostate magnetic resonance 

imaging, imaging-targeted biopsy and standard systematic biopsy. Patients were eligible for 
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surveillance if diagnosed with any volume Gleason grade 1 disease and select Gleason grade 

2 disease. Grade progression (Gleason grade 1 to ≥2 disease and Gleason grade 2 to ≥3 disease) 

for each biopsy modality was measured at 2 years, 4 years and 6+ years.

Results: In total, 369 patients had both magnetic resonance imaging-targeted and systematic 

biopsy and were surveilled for at least 1 year. At 2 years, systematic biopsy, magnetic resonance 

imaging-targeted biopsy and combined biopsy (systematic+imaging-targeted) detected grade 

progression in 44 patients (15.9%), 73 patients (26.4%) and 90 patients (32.5%), respectively. 

Magnetic resonance imaging-targeted biopsy detected more cancer grade progression compared 

to systematic biopsy in both the low and intermediate risk populations (p <0.001). Of all 90 

grade progressions at the 2-year time point 46 (51.1%) were found by magnetic resonance 

imaging-targeted biopsy alone and missed by systematic biopsy.

Conclusions: Magnetic resonance imaging-targeted biopsy detected significantly more grade 

progressions in our active surveillance cohort compared to systematic biopsy at 2 years. Our 

results provide compelling evidence that prostate magnetic resonance imaging and imaging-

targeted biopsy should be included in contemporary active surveillance protocols.

Keywords

multiparametric magnetic resonance imaging; prostatic neoplasms; watchful waiting

Most low grade prostate cancers are increasingly viewed as indolent cancers. Large clinical 

trials have shown low grade cancers to have a very low cancer specific mortality.1,2 Given 

the high morbidity risk associated with definitive treatment, active surveillance of lower 

risk cancers has gained mainstream attention and adoption.3–6 While active surveillance of 

appropriately selected cancers has been demonstrated to be safe, proper initial staging of 

patients and accurate detection of progression while on surveillance remains a concern.3,7

Prostate biopsies have traditionally been performed under transrectal ultrasound guidance, 

allowing the prostate to be sampled systematically according to location (systematic biopsy). 

Systematic biopsy has been criticized because it overdiagnoses low grade cancers while 

underdiagnosing high grade cancers.8–11 MRI-targeted biopsies have been shown to improve 

the detection of clinically significant cancer at initial diagnosis compared to systematic 

biopsy.9,12–14 However, despite the growing number of patients being enrolled on active 

surveillance to monitor their disease, the use of mpMRI and MRI-targeted biopsy in 

today’s diagnostic paradigm is unclear and remains controversial. Therefore, to address 

the controversy for the use of MRI in this population, we sought to determine whether 

systematic or MRI-targeted biopsy results in better detection of cancer grade progression 

among men on active surveillance for GG1 and GG2 prostate cancer.

METHODS

A nationally registered, prospective, institutional review board approved clinical trial 

was initiated in July 2007 at the National Cancer Institute (Bethesda, Maryland) to 

evaluate the use of electromagnetic tracking devices for targeted biopsies (clinicaltrails.gov, 

NCT00102544). The electromagnetic tracking device is now clinically available as the 

UroNav platform (Philips Healthcare, Andover, Massachusetts).
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Men greater than 18 years old with a suspicion of prostate cancer (elevated prostate 

specific antigen or abnormal digital rectal examination), underwent a prostate MRI. Men 

found to have a suspicious lesion on prostate MRI met study inclusion criteria, and were 

offered MRI-targeted and systematic prostate biopsy. All patients included in the study were 

consented for prostate biopsy prior to enrollment.

MRI Protocol

All patients underwent a multiparametric MRI as previously described.15 Briefly, MRIs 

were performed using a 3.0 T magnet (Achieva, Philips Healthcare) with an endorectal 

coil (BPX-30, Medrad®) for all initial evaluation scans. For most subsequent followup 

scans after the initial evaluation scan, endorectal coil was not used. Prostate MRI studies 

underwent standardized radiological evaluation by 2 highly experienced genitourinary 

radiologists. All lesions subsequent to April 2015 were assigned an assessment category 

using the standardized PI-RADS™ guidelines.16 Lesions identified before the adoption of 

the PI-RADS system were graded using the National Institutes of Health suspicion score 

system, previously demonstrated to correlate to the PI-RADS system.17,18 In preparation for 

biopsy, lesions were identified, labeled and segmented by 1 radiologist using DynaCAD® 

software.

Biopsy Protocol

All patients underwent both systematic biopsy and MRI-targeted biopsy in the same 

procedure. MRI-targeted biopsies were performed using the UroNav fusion biopsy system 

for lesion targeting. MRI images were registered to a real-time prostate ultrasound image, 

aiding in the identification and sampling of the MRI visible lesions. A minimum of 2 

biopsy cores were taken of each lesion with an end-fire transrectal ultrasonographic probe 

(Philips Healthcare) with the aid of the UroNav system. Following the MRI-targeted biopsy, 

a standard 12-core systematic biopsy was performed after the targeted biopsy portion of 

the procedure. The physician was unable to view the MRI target data during this portion 

of the procedure, and only ultrasound was used for guidance as previously described.19 All 

pathology specimens were reviewed by a single genitourinary pathologist.

Active Surveillance Protocol

Patients with GG1 and GG2 disease on either systematic biopsy or MRI-targeted biopsy 

were eligible for our protocol, and risks/benefits of active surveillance were discussed. 

Patients were eligible if diagnosed with any volume GG1 or GG2 disease if they did 

not elect definitive therapy and MRI had no aggressive features on evaluation (suggesting 

≥T3 disease). No strict exclusion criteria based on PSA or PSA density were applied for 

eligibility. Patients with current or prior diagnosis of ≥GG3 disease were not eligible. 

Confirmatory biopsy after initial cancer diagnosis was conducted with MRI-targeted biopsy 

(if lesions present on mpMRI) and systematic biopsy within 1 year of initial diagnosis. 

Patients on surveillance were followed with a yearly PSA test and physical examination. 

Repeat prostate MRI/biopsy was encouraged at 1-year to 2-year intervals based on clinical 

suspicion, PSA, changes in physical examination or changes on prostate MRI.
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Data Analysis

Data were collected between in a prospective manner July 2007 and January 2020 as part of 

a pretrial designed database. For each patient, the highest Gleason grade detected by each 

biopsy method was recorded. Only patients on surveillance for ≥1 year at our institution 

were included in our analysis to assess grade progression.

The main objective of the study was to test the hypothesis that MRI-targeted biopsy has a 

higher rate of detection of grade progression for clinically significant cancer compared to 

systematic biopsy at surveillance time points of 2, 4 and 6+ years. Patients were included 

in the appropriate time point if biopsy was obtained ±12 months from time point analyzed 

(6-year time point included patients on surveillance >5 years). At each time point, pathology 

results from both biopsy modalities were compared to the initial biopsy. Grade progression 

was defined as GG1 to ≥GG2 disease and GG2 to ≥GG3 disease.

Statistical Analysis

Grade progression rates detected by each biopsy method were compared at a specific 

surveillance time point by McNemar test. Confidence intervals for the grade progression 

rate were calculated using the Agresti-Coull method.20 Univariate logistic regression was 

used to identify baseline predictors for overall grade progression of combined biopsy. 

Variables significant at the univariate analysis were included in the multivariable logistic 

regression. Clinical variables measured at the followup MRI were correlated with grade 

progression detected by the addition of a biopsy method via logistic regression analysis. All 

p values were 2-sided, and p <0.05 was considered statistically significant. All analyses were 

conducted using R.3.6.1 (R Project for Statistical Computing, Vienna, Austria).

RESULTS

Patients

From June 2007 to January 2020, a total of 2,373 men underwent mpMRI and MRI-

ultrasound fusion biopsy at the National Cancer Institute for evaluation of prostate cancer. 

In total, 1,799 patients were excluded from the analysis for high grade cancer detection, 

undergoing definitive treatment or electing local provider followup. A further 205 patients 

who had less than 1-year followup at our institution were excluded from the analysis. The 

remaining 369 men met the study inclusion criteria and were included in our analysis (fig. 

1). Median followup was 30.3 months (IQR 16.5–53.9). On enrollment, all patients in our 

study had GG1 disease or GG2 favorable disease (per National Comprehensive Cancer 

Network criteria).21 Table 1 outlines the clinical and demographic characteristics of the 

study population.

Grade Progression on Active Surveillance

At 2 years on surveillance, 277 patients were evaluated with systematic and MRI-targeted 

biopsy. Systematic biopsy, MRI-targeted biopsy and combined biopsy (systematic + MRI-

targeted) detected grade progression in 44 patients (15.9%), 73 patients (26.4%) and 90 

patients (32.5%), respectively (fig. 2). MRI-targeted biopsy detected more cancer grade 

progression compared to systematic biopsy in both the low and intermediate risk populations 
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(p <0.001, table 2). Grade progression was found exclusively by MRI-targeted biopsy in 

16.6% of our population (46 of 277 patients, 95% CI 12.7–21.5), compared to 6.1% (17 of 

277, 95% CI 3.8–9.7) for systematic biopsy (table 3). In a subgroup analysis, MRI-targeted 

biopsy found more GG1 to ≥GG2 (p = 0.029) and GG2 to ≥GG3 (p = 0.006) disease grade 

progression compared to systematic biopsy.

At 4 and 6+ years, 130 and 80 patients, respectively, were evaluated on active surveillance. 

Grade progression was found in 48 patients (36.9%) at 4 years and 32 (40.0%) at 6+ years 

(fig. 2). No significant difference in detection of grade progression was found between 

biopsy modalities at either time point (table 2). However, MRI-targeted biopsy alone 

detected more grade progressions compared to systematic biopsy alone, providing a higher 

added value for detection at all time points (table 3).

On univariate analysis at the 2-year time point, overall grade progression was significantly 

associated with age (per decade, OR 1.53, 95% CI 1.06–2.22, p=0.024), PSA density (log 

transformed, OR 2.30, 95% CI 1.41–3.76, p=0.001) and size of index lesion on initial MRI 

(OR 1.06, 95% CI 1.01–1.12, p=0.035). On multivariate analysis, only age/decade (OR 1.68, 

95% CI 1.11–2.53, p=0.013) and PSA density (OR 2.44, 95% CI 1.46–4.09, p=0.001) were 

associated with grade progression (table 4).

Grade Progression by Systematic and MRI-Targeted Biopsy at 2 Years

At 2 years, grade progression was detected in 90/277 patients (32.5%) in our cohort. Of 

these patients with grade progression, MRI-targeted biopsy alone found 46/90 patients 

(51.1%), systematic biopsy alone found 17/90 patients (18.9%) and both biopsy modalities 

found grade progression in 27/90 patients (30.0%). On analysis with clinical variables, 

grade progression detected by systematic biopsy alone was found to inversely correlate to 

prostate volume (OR 0.21, 95% CI 0.072–0.721, p=0.01). Figure 3 illustrates the proportions 

of grade progressions by the addition of systematic and targeted biopsy according to 

prostate volume. A threshold analysis was conducted to assess at which prostate volume 

systematic biopsy would have minimal added value in addition to targeted biopsy, allowing 

for <2.5% of grade progression to be missed. Using these parameters, systematic biopsy 

could have been skipped for patients with prostate volume >64 cm3, allowing for 36.8% of 

all systematic biopsies to be skipped for patients on surveillance, while only missing 2.2% 

(2/90) of grade progressions in our cohort.

DISCUSSION

The use of prostate MRI has expanded significantly in the diagnosis and treatment of 

prostate cancer in recent years. Prostate MRI and MRI-targeted biopsy’s utility in the 

diagnosis of prostate cancer has been proven in many studies, including the recent 

PRECISION study.14 Our group also recently published on the improved utility of MRI-

targeted biopsy over systematic biopsy in accurately profiling patients.19 Given MRI’s 

growing utilization in the diagnosis of cancer, clinicians are expanding the use of prostate 

MRI and MRI-targeted biopsy in patients on active surveillance, despite limited comparative 

evidence.
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In our study, we found that MRI-targeted biopsy detected grade progression at higher rates 

than systematic biopsy in both the low and intermediate risk patients. We aimed to show 

the utility of MRI-targeted biopsy at typical surveillance time points, given that a common 

treatment intervention time point for patients on surveillance is around 2 years.22 At the 2-

year surveillance time point, MRI-targeted biopsy detected more GG1 to ≥GG2 and GG2 to 

≥GG3 disease grade progression compared to systematic biopsy. This result supports the use 

of MRI-targeted biopsy by urologists to better surveil their patients. Furthermore, in patients 

with GG2 disease at enrollment, MRI-targeted biopsy exclusively found progression to 

≥GG3 in 20.2% of patients, while systematic biopsy found only 4.5% of patients. If patients 

with GG2 prostate cancer are enrolled in active surveillance protocols, we recommend 

surveillance with the addition of MRI-targeted biopsy as it proved its superiority in detecting 

grade group progression compared to standard systematic biopsy. There was no statistical 

difference noted at 4 and 6+ years, likely due to the fewer patients included in the analysis at 

those time points given that some men with progression were removed from surveillance and 

that patients tended to transfer care to their local urologist over time.

Our study also provided evidence that MRI-targeted biopsy found a majority of patients with 

grade progression at all time points. In our 2-year analysis, MRI-targeted biopsy alone found 

over 51% of the patients who had grade progression. If only systematic biopsy was used in 

our protocol, more than half of all patients with progression would have been missed and 

incorrectly risk stratified on our surveillance regimen. This is further evidence of the added 

value of MRI-targeted biopsy in this population. However, we do not advocate elimination 

of systematic biopsy from our surveillance protocol, given that it exclusively detected 

almost 18% of grade progressions. Instead, we demonstrate that the utility of systematic 

biopsy to detect grade progression was nominal for patients with prostate volumes greater 

than 64 cm3. By only utilizing MRI-targeted biopsy in these patients, 97.8% of the grade 

progressions would have been detected and more than a third of patients in our cohort 

would have been spared a 12-core systematic biopsy. Given the associated of morbidity with 

additional biopsy cores,23 this strategy could prove to be a safe, effective and cost-conscious 

way to surveil patients.

Several earlier studies revealed mixed results in the use of MRI in patients on active 

surveillance. A recent study by Chesnut et al found that if a change on MRI at 3 years 

on surveillance is used as a reason to biopsy or not, clinically significant cancer would be 

missed in 53% of patients.24 Similarly, the utility of MRI-targeted biopsy in patients on 

surveillance remains in question. In the recent ASIST trial, the authors showed no difference 

in the grade progression to ≥GG2 on confirmatory biopsy between the MRI-targeted arm 

and standard biopsy arm.25 However, in a 2-year followup study published by the same 

group, the authors reported a significant difference in active surveillance failures in the 2 

groups.26 The authors suggest that MRI helped select for a lower risk cohort at the time 

of confirmatory biopsy, thus resulting in a group of patients more likely to be followed 

on active surveillance. Our data show a clear benefit to the addition of prostate MRI and 

MRI-targeted biopsies in a surveillance protocol, which should be utilized by clinicians 

when available.
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Our study has a number of strengths and limitations. One strength of the study is our 

inclusion of GG2 disease at enrollment in surveillance, creating a more heterogeneous 

cohort for analysis, reflecting real-world practice patterns. Given the emerging evidence 

that patients with GG2 disease may be safe to surveil, we believe these patients should 

be monitored closely with MRI-targeted biopsy to better identify if and when progression 

occurs.27–29 Conversely, a limitation of our study is that patients with a negative prostate 

MRI were excluded, limiting the generalizability to the overall population seen in the 

community. In addition, the use of GG alone as an indicator of progression and not volume 

of cancer or cores is a limitation. MRI-targeted biopsy has been shown to be associated with 

downgrading at final pathology (likely oversampling a lesion), and thus may overestimate 

the true GG of the lesion.30 Lastly, our institution serves as a quaternary referral center, 

with a specific population of patients referred to us for evaluation, creating the possibility 

of a selection bias in our cohort. Our institution has proficiency with MRI acquisition 

and interpretation, and performing MRI-targeted biopsies. Thus, these results may not be 

replicable in an institution without expertise in these practices, limiting the applicability of 

our findings to the general population.

CONCLUSIONS

For patients on active surveillance for prostate cancer, MRI-targeted biopsy detected higher 

rates of grade progression compared to standard transrectal ultrasound biopsy. At 2 years, 

MRI-targeted biopsy exclusively detected 51.1% of all grade progressions in our cohort 

that systematic biopsy missed. Our study provides strong evidence that prostate MRI and 

MRI-targeted biopsy should be included in contemporary active surveillance protocols for 

prostate cancer.

Abbreviations and Acronyms

GG Gleason grade

mpMRI multiparametric magnetic resonance imaging

MRI magnetic resonance imaging

PI-RADS Prostate Imaging Reporting and Data System

PSA prostate specific antigen
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Figure 1. 
Flow chart of patients included in our study
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Figure 2. 
Gleason grade progression detection rates at active surveillance time points stratified by 

biopsy modality.

Yerram et al. Page 12

J Urol. Author manuscript; available in PMC 2022 November 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Threshold analysis of grade progression detection rates and prostate volume. Vertical 

green line indicates volume threshold at which systematic biopsy could be skipped if 

allowing for 2.2% grade progression to be missed. If only MRI-targeted biopsy was utilized 

for surveillance in patients with prostate volumes >64 cm3, 97.8% (88/90) of all grade 

progressions would still be detected and 36.8% of systematic biopsies would have been 

avoided.
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