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Abstract

Objectives: To evaluate the ability of MRI-targeted biopsy combined with systematic biopsy 

(MRI-biopsy) to reduce negative biopsies and detect clinically significant prostate cancer 

compared to systematic biopsy (SB) alone in the confirmatory biopsy setting using matched 

cohorts.

Patients and Methods: Patients were identified from an active surveillance (AS) database who 

had a previously positive transrectal ultrasound (TRUS) guided SB followed by a confirmatory 

biopsy at a single institution between 2006–2019. Patients were divided into two cohorts based on 

confirmatory biopsy technique, either a SB alone or MRI-biopsy (which included MRI-targeted 

and systematic biopsies). Cohorts were then matched on age, PSA, number of positive cores on 

initial biopsy and initial biopsy Gleason grade group (GG). Logistic regression was performed to 

identify associations with confirmatory biopsy upgrading.

Results: After matching, 514 patients were identified (257 per cohort). PSA, prostate volume, 

and PSA density prior to initial biopsy in addition to total number of initial biopsy positive 

cores and GG were similar between the matched cohorts. After confirmatory biopsy, 118/257 

(45.9%) within the MRI-biopsy cohort were upgraded compared to 46/257 (17.9%) within the 

SB cohort (p<0.001). The rate of negative confirmatory biopsy was 32/257 (12.5%) compared 

to 97/257 (37.7%) among the MRI-biopsy and SB cohorts, respectively (p<0.001). Confirmatory 

MRI-biopsy was associated with greater odds of confirmatory biopsy upgrade from GG1 to ≥GG2 

compared to SB alone (OR 3.62, 95% CI 1.97–6.63, p<0.001).

Conclusion: The addition of MRI-targeted biopsies to systematic biopsy in the confirmatory 

biopsy setting among men with previously detected prostate cancer resulted in fewer negative 

confirmatory biopsies and detection of more clinically significant prostate cancer compared to 

systematic biopsy alone.
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INTRODUCTION

Active surveillance (AS) is currently a standard conservative therapy for men with low risk 

prostate cancer and select men with intermediate risk prostate cancer (1, 2). The ability 

to accurately identify which patients have higher grade disease prior to AS enrollment is 

necessary to treat those with high risk disease while avoiding overtreatment of low risk 

disease. Traditionally, 12-core transrectal ultrasound (TRUS)-guided systematic biopsy (SB) 

was used as the gold standard technique for prostate cancer diagnosis. This technique 

is limited by significant sampling error and false negative results leading to undetected 

clinically significant disease that may be amenable to early treatment (3, 4).

Integration of multiparametric magnetic resonance imaging (MRI) into routine prostate 

cancer care and fusion technologies enabling targeted biopsy techniques has rapidly changed 

the detection and diagnosis of prostate cancer (4). Based on the results of two randomized 

trials, MRI-targeted prostate biopsy has improved the ability to detect clinically significant 

cancer in multiple patient groups, while reducing the rate of false negative biopsies (5–7). 

Among biopsy naïve men or men with previously negative biopsies, MRI of the prostate 

can detect clinically significant disease in the range of 44–87%, which is significantly 

higher than rates for SB (8–11). Given the improvement in detection of clinically significant 

disease, MRI has been incorporated into the diagnostic algorithm in different ways; however, 

the correct timing of when an MRI-targeted biopsy should be incorporated is not yet known. 

One area of particular interest is in men with low risk prostate cancer that was detected on 

SB who may be eligible for AS. Compared to MRI-targeted biopsy, under-grading and risk 

of grade progression at subsequent surveillance biopsies is higher among SB patients; thus, 

integration of MRI into the confirmatory biopsy setting may more accurately stage prostate 

cancer patients (12–14). Current European Association of Urology guidelines recommend 

MRI incorporation in the confirmatory biopsy setting (15).

The majority of previous randomized trials comparing MRI targeted biopsy to SB involved 

biopsy naïve patients or those with previously negative biopsies (5, 16–22). Notably, one 

randomized clinical trial has compared SB to MRI targeted biopsy in the confirmatory 

setting following prostate cancer diagnosis, reporting no significant improvement in the 

rate of clinically significant (Gleason grade group [GG] 2 or higher) cancer detection 

among MRI guided biopsies compared to standard SB. However, given aforementioned 

data about the sensitivity of MRI targeted biopsy, in addition to further data regarding 

variations in MRI performance, including quality and variability in interpretation (23–26), 

we hypothesized that MRI targeted biopsy may be associated with improved detection of 

GG2 disease in the confirmatory setting compared to SB. In order to test this hypothesis, we 

performed a matched cohort analysis comparing men who underwent MRI-targeted and SB 

following initial SB-based diagnosis of prostate cancer at our institution.
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METHODS

Patient Selection

The study was approved by the institutional review board and all patients signed informed 

consent. Patients from two separate cohorts were included in the study. The first cohort of 

men were considered for enrollment on a prospective AS protocol that began in 2006. The 

study was conducted by a multidisciplinary team of urologic surgeons, radiation oncologists, 

and medical oncologists as previously described (27) and was registered at clinicaltrials.gov 

(trial number NCT00490763). Men underwent a diagnostic biopsy at either an outside 

institution or UT MD Anderson Cancer Center. Prior to AS protocol enrollment, the men 

underwent a confirmatory, systematic 11-core TRUS-guided biopsy within 6 months of 

initial diagnostic biopsy as previously described (28).

The second cohort consisted of men enrolled on a prospectively maintained database of 

MRI-targeted biopsies beginning in 2014. Men were included from this database who had 

an initial TRUS-guided SB performed for a history of an elevated PSA and/or abnormal 

digital rectal exam prior to prostate cancer diagnosis. In addition, all included men 

underwent a confirmatory biopsy using the Artemis™ system (Elgen, California) at our 

institution, including both targeted ultrasound fusion biopsies and systematic cores. Prior 

to biopsy, a prostate MRI was performed with endorectal coil at 1.5T. Multiparametric 

MRI sequences performed included T1-weighted, T2-weighted, diffusion-weighted imaging 

including calculation of the apparent diffusion co-efficient maps, and dynamic contrast 

enhancement. Images were reviewed by dedicated genitourinary radiologists. Suspicious 

lesions were graded on a Likert scale from 1–5 and any lesion graded ≥3 was targeted for 

biopsy. For targeted, ultrasound fusion biopsies, all biopsies were performed with monitored 

IV conscious sedation as previously described (29). One or two cores were obtained from 

suspicious lesions. In the same setting, all patients underwent additional SBs obtained from 

regions of an extended sextant, 12-region biopsy plan that were not previously sampled 

through a targeted biopsy. For this paper, MRI-biopsy will refer to patients receiving both 

MRI-targeted and SBs in the same setting.

All confirmatory biopsies in both cohorts were completed within 24 months of the original 

prostate cancer diagnosis. Any diagnostic biopsies performed outside of our institution were 

re-reviewed by a dedicated genitourinary pathologist. After confirmatory biopsy, men with 

localized prostate cancer and GG 1 or 2 disease were eligible for AS. AS was extended 

to patients with GG3 in rare situations based on physician discretion. Patients enrolled on 

the AS protocol listed above underwent biannual evaluation with digital rectal examination, 

serum PSA and testosterone. Additionally, surveillance SBs were repeated every 1 to 2 

years. Patients with increasing tumor volume or Gleason score were recommended to 

undergo treatment; however, patients could choose to stay on AS if approved by the 

physician (30). MRI-biopsy patients who elected AS underwent a similar schedule but 

were not dictated by the AS protocol; thus, the two confirmatory biopsy cohorts may differ 

slightly in AS schedule.
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Cohort matching

Baseline characteristics were compared between the two cohorts including age, race, PSA 

prior to the initial biopsy, prostate volume as measured on TRUS, and calculated PSA 

density. Prostate volume was calculated using the formula volume= length (cm) × width 

(cm) × height (cm) × π/6. Pathologic characteristics were collected for both the initial 

biopsy and confirmatory biopsy including number of cores taken, number of positive cores, 

sum of the total tumor length among all cores, maximum tumor length in a single core (27), 

and GG. Patients were categorized by risk group defined by the AUA guidelines after initial 

biopsy and confirmatory biopsy (1). Patients who underwent confirmatory MRI-biopsy were 

then matched to patients from the AS cohort based on age, pre-diagnostic PSA, diagnostic 

GG, and number of positive cores.

Statistical analysis

Descriptive statistics evaluated differences in baseline characteristics between cohorts. 

Wilcoxon rank sum and Fisher’s exact test were used for continuous and categorical 

variables, respectively. To correct for biases in confirmatory biopsy selection and 

confounding baseline characteristics, we matched the cohorts using 1:1 matching. Nearest 

neighbor matching was performed for age and PSA prior to initial biopsy, and exact 

matching was performed for initial biopsy GG and number of positive cores in the initial 

biopsy, as these variables may influence the biopsy detection rate (9). Multivariable logistic 

regression was used to determine the association between biopsy upgrading and covariates. 

Our primary outcome of interest was evaluating the effect of confirmatory biopsy type 

on probability of upgrading between the matched cohorts. Upgrading was defined as any 

increase in GG from the initial prostate biopsy to the confirmatory biopsy. We performed 

additional analyses to identify predictors of upgrading from GG1 to ≥GG2, GG1 to ≥GG3 

and GG1 or 2 to ≥GG3. Covariates included in the multivariable models included biopsy 

cohort, patient age, PSA density as a continuous variable, initial biopsy GG, initial PSA as 

a continuous variable, number of initial biopsy positive cores, initial maximum single core 

tumor length, and total number of confirmatory biopsy cores. Given the limited number of 

upgrading events from GG1 to ≥GG3, we a priori only included biopsy cohort, patient age, 

PSA density, and total number of confirmatory biopsy cores in our model. We additionally 

applied these multivariable models to the unmatched population. Statistical significance 

was considered if p≤0.05. Statistical analysis was performed using Stata/SE version 15.1 

statistical software (Stata Corp. LP, College Station, TX) and R studio (Version 1.1.383 - © 

2009–2017 RStudio, Inc.).

RESULTS

A total of 1026 patients from two cohorts were identified between January 2006 and 

April 2019, of which 691 patients underwent a confirmatory SB and 335 underwent a 

confirmatory MRI-biopsy (including both an MRI-targeted biopsy and SB). The median 

time between initial biopsy and confirmatory biopsy was 4.2 months (IQR 2.8–5.8 months). 

The median time between MRI and MRI-biopsy was 1.7 months (IQR 0.8–1.9 months). 

Supplementary Table 1 lists the baseline characteristics by confirmatory biopsy cohort prior 

to matching. Prior to matching, significant differences existed between SB and MRI-biopsy 
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cohorts including initial PSA (median 4.1 vs 5.7ng/mL, p<0.001), prostate volume (median 

38.1 vs 41cm3, p=0.004), and PSA density (median 0.1 vs 0.14, p<0.001, respectively).

After matching, 257 patients remained in each confirmatory biopsy cohort (Table 1). Age 

was lower for the MRI-biopsy cohort at median 61 years-old compared to 64 years-old 

for the SB cohort (p<0.001). Clinical T-stage, PSA prior to initial biopsy, prostate volume 

and PSA density were no longer significantly different between cohorts. While statistically 

significant, the differences in initial biopsy characteristics between the two cohorts were 

clinically similar. The median total tumor length was 2mm (IQR 1–5mm) for the SB cohort 

vs 3mm (IQR 1.5–6mm) for the MRI-biopsy cohort (p<0.001). The maximum single core 

tumor length after initial biopsy was similar between cohorts, at a median of 1.5mm (IQR 

1–3mm) for the TRUS-biopsy cohort vs 2.5mm (IQR 1–4mm) for the MRI-biopsy cohort 

(p=0.001). As expected after matching, no differences were noted between cohorts for the 

number of initial biopsy positive cores or initial biopsy GG. After initial biopsy, the majority 

of patients were diagnosed with GG1 (77.8%) or GG2 (21.4%) prostate cancer. Similar 

initial risk group classification was found between the matched cohorts, with the majority of 

patients having low risk disease (p=0.9) (Table 1).

Among the matched cohort, confirmatory biopsy pathologic characteristics demonstrated a 

significantly higher total tumor length among the MRI-biopsy cohort compared to the SB 

cohort (median 13.5mm vs. 4mm, p<0.001). There was also a significantly higher maximum 

single core tumor length (median 6mm vs 3mm, p<0.001) and number of positive cores 

(median 3 vs. 2, p=0.005) for the MRI-biopsy cohort compared to the SB cohort (Table 1).

Figure 1 demonstrates the change in GG after confirmatory biopsy compared to initial 

biopsy GG among the matched cohorts. Significantly more patients in the confirmatory 

MRI-biopsy cohort were upgraded from GG1 to ≥GG2 (107/257, 41.6%) compared to the 

SB cohort (42/257, 16.3%) (p<0.001). Only 32/257 (12.5%) in the MRI-biopsy cohort had 

a negative confirmatory biopsy compared to 97/257 (37.7%) of the SB cohort (p<0.001). 

Among MRI-biopsy cohort, 118/257 (45.9%) had any degree of upgrading, 42/257 (16.3%) 

increased from GG1–2 to ≥GG3, and 31/257 (12.1%) increased from GG1 to ≥GG3. Among 

the SB cohort, 46/257 (17.9%) had any degree of upgrading, 12/257 (4.7%) increased from 

GG1-2 to ≥GG3, and 8/257 (3.1%) increased from GG1 to ≥GG3. After confirmatory 

biopsy, a greater number of patients in the MRI-biopsy cohort increased their risk group 

classification compared to the SB cohort (44% vs 17.5% respectively, p<0.001) (Table 1).

Multivariable logistic regression was performed to identify variables associated with 

upgrading between the initial and confirmatory biopsy. After adjusting for covariates, MRI-

biopsy was independently associated with an increased odds of upgrading (OR 4.76, 95% CI 

2.90–7.82, p<0.001) (Table 2). Age, PSA density, and initial biopsy GG were also associated 

with confirmatory biopsy upgrading (p≤0.001 for each). Additional multivariable models 

demonstrated MRI-guided biopsy to be an independent predictor of upgrading from GG1 

to ≥GG2 (OR 3.62, 95% CI 1.97–6.63, p<0.001), GG1 to ≥GG3 (OR 5.47, 95% CI 2.23–

13.4, p<0.001) and GG1–2 to ≥GG3 (OR 5.07, 95% CI 2.38–10.8, p<0.001). Multivariable 

analysis was performed using the cohorts prior to matching which demonstrated similar 

findings (Supplementary Table 2).
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Since confirmatory MRI-biopsies consist of both a targeted biopsy (TB) as well as SB, we 

evaluated among the MRI-biopsies that detected cancer, whether the cancer was detected by 

the SB, TB or both. Figure 2 demonstrates the results among matched patients. Among the 

225 patients with a positive MRI-biopsy, 92/225 (40.9%) patients had only TB cores positive 

compared to 26/225 (11.6%) patients with only SB cores positive (p<0.001). Among 107 

patients with both positive SB and TB cores, 48% had the same GG in both the SB and TB 

cores, 46% had higher GG in the TB cores, and only 6% had higher GG in the SB cores. 

Supplementary Figure 1 demonstrates similar findings prior to matching.

Supplementary Figure 2 demonstrates confirmatory MRI-biopsy GG outcomes by MRI 

score. Among the matched confirmatory MRI-biopsy population, 72/257 (28%), 129 /257 

(50.2%) and 56/257 (21.8%) had an MRI score of 3, 4, or 5, respectively. Increasing MRI 

score was associated with fewer negative biopsies and increasing GG in both the total 

MRI-biopsy population and the matched MRI-biopsy population. Among the matched MRI-

biopsy population with an MRI score of 5, 44/56 (78.6%) had ≥GG2 after confirmatory 

biopsy compared to patients with an MRI score of 3 in which only 27/72 (37.5%) had ≥GG2 

confirmatory biopsy (p<0.001). Similar results occurred prior to matching.

DISCUSSION

Prior to enrollment in active surveillance for low risk prostate cancer, accurate staging and 

grading of prostate cancer is necessary to avoid under detection of clinically significant 

cancer while reducing the number of false negative tests. The results of this study 

demonstrate that patients undergoing a confirmatory MRI-biopsy, which included targeted 

biopsies and SB, were less likely to have a negative confirmatory biopsy compared to a SB 

alone. Additionally, MRI-biopsy was associated with an increase in the rate of upgrading 

from initial biopsy to confirmatory biopsy compared to SB alone. This study demonstrates 

that the addition of MRI-targeted biopsies to SB can increase the detection of clinically 

significant cancer (≥GG2 or GG3) to aid in identifying appropriate AS candidates. This is 

necessary as confirmatory SB alone can result in a negative biopsy rate between 21–50% 

and risk of grade progression with subsequent surveillance biopsy can range from 22–30% 

(12, 13).

This study validates the limited existing literature regarding MRI-biopsy utilization in 

the confirmatory biopsy setting. Among the biopsy-naïve population, previous trials have 

demonstrated improved detection rates of clinically significant cancer (defined as ≥GG2) 

by utilizing MRI targeted biopsies (5, 6). Less is understood in the confirmatory biopsy 

setting, and existing studies have been small, retrospective studies and have not considered 

baseline differences in the biopsy cohorts being compared (11, 31–36). The present study is 

strengthened by evaluating patients after matching on baseline characteristics that are known 

to impact biopsy detection rates (9, 37). A pooled analysis of existing studies that included 

an MRI-targeted confirmatory biopsy cohort demonstrated a 27% rate of cancer upgrading 

from GG1 to ≥GG2 with the combination of MRI-targeted biopsy and SB compared to 

20% of SB alone (31). Among our study’s matched population, we found a similarly 

low rate of confirmatory biopsy upgrading (GG1 to ≥GG2) among patients undergoing 

SB (16.3%) compared to much higher rate of upgrading among the MRI-biopsy cohort 
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(41.6%) than previously reported. Improvement in detection rate within the present study 

is likely multifactorial. The MRI-biopsy technique in this study included both targeted 

biopsies as well as a systematic biopsies, which may improve the detection rate compared 

to targeted biopsy alone (4, 38). Additionally, both the radiologists interpreting the MRI and 

the urologists performing the biopsy have significant experience, which has previously been 

shown to improve prostate cancer detection on the MRI and targeted biopsies (25, 26).

The Active Surveillance Magnetic Resonance Imaging Study (ASIST) was a prospective 

multicenter randomized open label trial that evaluated the effectiveness of MRI-targeted 

biopsies with SB versus SB alone in identifying higher grade prostate cancer on active 

surveillance (39). Similar to the present study, this trial enrolled patients prior to 

confirmatory biopsy after an initial diagnostic biopsy demonstrating the presence of low 

risk (GG1) prostate cancer; however, this trial did so in a randomized fashion. The results 

of this trial demonstrated that 23% of SB patients were upgraded from GG1 at initial biopsy 

to ≥GG2 at the time of confirmatory biopsy compared to upgrading in only 21% of patients 

in the MRI targeted arm (p=0.7) (39). The authors noted that MRI-biopsies were performed 

in centers early during their learning curve. The three centers included in the trial had 

significant differences in the rate of upgrading after MRI-biopsies, and the most experienced 

center achieved a higher rate of upgrading in the MRI-biopsy cohort. The present study had 

a markedly higher rate of upgrading from GG1 to ≥GG2 (41.6%) compared to the results 

of the ASIST trial, and may in part be explained by biopsy experience. Furthermore, the 

variability in MRI quality, interpretation, and fusion-biopsy technology is well established 

and affects biopsy outcomes (23–26). Compared to the ASIST trial, which had a negative 

biopsy rate of 27% in the MRI-targeted biopsy cohort, only 12% within the present study 

had a negative biopsy.

We additionally identified that increasing MRI suspicion scores are associated with 

fewer negative biopsies as well as increasing detection of higher-grade lesions (≥GG2). 

This is supported by previous studies demonstrating the positive correlation between 

increasing MRI positivity and subsequent targeted biopsy upgrading (6, 40). While the 

present study used a Likert scale for grading of MRI lesions (as opposed to the Prostate 

Imaging-Reporting and Data System [PI-RADS]), prior studies have demonstrated similar 

performance of the Likert and PI-RADS scoring systems, both being subject to the 

experience of the radiologist evaluating the MRI (4). The MRIs in this study were 

evaluated at a single center by radiologists with significant experience, which may limit 

reproducibility in centers with less experience. Additionally, interobserver variability could 

not be accounted for in this study. A recent study evaluated the inter-reader variability 

by comparing the area under the curve (AUC) for individual radiologists for detecting 

prostate cancer on MRI. While not compared with statistical testing, the study showed 

significant variation in the AUC between 8 radiologists at a single institution for detecting 

clinically significant prostate cancer, ranging from AUC of 0.63 to 0.85 (41). Despite this, 

our findings appear consistent with previous reports that have demonstrated increasing MRI 

score associated with detection of more clinically significant prostate cancer.

Patients with low GG biopsies as seen in this cohort, will likely have a higher negative 

predictive value (NPV) compared to higher risk populations with more advanced disease. 
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Additional biomarkers have been considered to further improve the NPV of MRI-biopsy 

and possibly avoid unnecessary confirmatory biopsies. In the present study, increasing PSA 

density was found to be independently predictive of upgrading. This is supported by a study 

by Falagario et al which demonstrated that stratifying men based on their PSA density was 

able to improve the NPV of MRI-biopsy (42). Patients with a negative multiparametric 

MRI would forgo biopsy if their PSA density was <0.10. Another recent study utilized 

genomic testing and MRI findings to help select among favorable intermediate risk patients 

who was most likely to have adverse pathology on radical prostatectomy specimens (43). 

Incorporating additional biomarkers to MRI may help further improve the positive and 

NPV of MRI-biopsy by selecting patients most likely to harbor significant disease. Further 

prospective validation will be necessary to confirm the results of these retrospective series.

Given that MRI targeted biopsies improve the detection of clinically significant disease and 

decrease the detection of benign and clinically insignificant disease, we are likely to see 

risk inflation among the increasing number of patients undergoing MRI targeted biopsies. 

Some advocate for new risk models to reduce the artifactual rise in risk attributed to 

targeted biopsy (44). Examples of these strategies include developing models independent of 

number of positive cores or incorporating the amount of Gleason 4 disease, since targeted 

biopsies more accurately detect this quantity. While MRI targeted biopsies may result in risk 

inflation, the information gathered from these biopsies may be more useful to patients in 

determining which treatment options to pursue given the reduced risk of undergrading their 

cancer (44).

Due to the low rate of cancer progression and cancer specific mortality among men 

undergoing active surveillance prior to the implementation of MRI and MRI-targeted 

biopsies, the question remains whether the addition of MRI to confirmatory biopsy 

improves cancer specific survival outcomes. The Prostate testing for cancer and Treatment 

(ProtecT) trial randomized 1643 men to active monitoring, radical prostatectomy or radical 

radiotherapy, and after a 10-year median follow-up, the approximate overall mortality was 

1% suggesting safety of active monitoring. Recent evaluation of patients enrolled in the 

ProtecT trial demonstrated that while only 2% of GG1 patients developed prostate cancer 

metastasis or death, 7% and 11% of GG2 and ≥GG3 patients developed metastasis or 

prostate cancer death, respectively (45). Thus, the ability to accurately detect higher grade 

cancer is important to avoid the small but significant progression of disease. Within our 

study, the ability to detect more higher-grade cancers with fewer negative biopsies may 

allow for improved counseling and patient selection prior to AS enrollment.

This study focused on the question of incorporating MRI-biopsy at the time of confirmatory 

biopsy. Other potential areas of incorporation of MRI-biopsy are at the time of initial 

diagnostic biopsy in both previously biopsied and biopsy naïve patients. Current randomized 

data support the use of MRI targeted biopsies among biopsy naïve men given higher 

detection of clinically significant prostate cancer when combined with systematic biopsy (5, 

6). This is also true among men with clinical suspicion of prostate cancer and a previously 

negative TRUS-guided systematic biopsy (46). Determination of how to best utilize MRI 

and targeted biopsy technology in the prostate cancer diagnostic algorithm to minimize cost 

while maximizing diagnostic efficacy remains to be determined. Our study demonstrates 
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that among patients considering AS, MRI-biopsy will more effectively identify clinically 

significant cancer and reduce non-diagnostic biopsies to more effectively inform treatment 

decisions.

This study is subject to the limitations of a retrospective design. We attempted to correct 

for biases and confounding among the cohorts by performing matching on variables known 

to impact biopsy results including age, PSA, and initial GG, and adjusted for covariates in 

multivariable models; however, unmeasured confounders likely still exist. This study was 

performed at a single large referral center with significant experience among radiologists, 

pathologists and urologists, which may limit the generalizability of our findings to other 

centers. Additionally, given that we are primarily a referral center, we may have incomplete 

information regarding biopsy history prior to a patient’s initial diagnostic biopsy. Patients 

who were previously biopsy naïve versus those with a multiple prior negative biopsy 

may have different disease reclassification rates which were not accounted for in this 

study. Patients with a negative MRI were not included in the MRI-biopsy cohort; thus, 

we do not know the rate of negative MRI in this population. Biopsy findings were not 

compared to final radical prostatectomy pathologic specimens; thus, the true differences in 

GG between the cohorts could not be determined. Previous studies, however, have identified 

a high degree of Gleason grade concordance (90%) between MRI-targeted biopsy and 

prostatectomy specimens at experienced centers (47). The study was conducted over a 

relatively long time period, and biopsy techniques and active surveillance protocols in the 

general population have likely changed over this time. However, the active surveillance 

protocol and biopsy techniques described here were standardized at our institution and did 

not vary over the period of investigation. Also, since MRI-targeted biopsy technology has 

only more recently been routinely incorporated into clinical practice, this limited our ability 

to match on the date of biopsy. Lastly, patient oncologic outcomes were not evaluated within 

this study, and the impact of MRI-biopsy on treatment selection and survival could not 

be determined. However, these data offer significant evidence for the role of MRI-targeted 

biopsy in combination with SB in men with a positive MRI after a diagnostic biopsy and 

enrollment onto AS.

CONCLUSION

The addition of MRI-targeted biopsies to systematic biopsy in the confirmatory biopsy 

setting among men with previously detected prostate cancer resulted in fewer negative 

confirmatory biopsies and detection of more clinically significant prostate cancer compared 

to systematic biopsy alone. MRI-targeted biopsies should be incorporated into the 

confirmatory biopsy setting, especially in the presence of a positive MRI.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Confirmatory biopsy outcomes by confirmatory biopsy type using matched cohorts. 

Upgrading is determined based on comparing results between initial biopsy grade group 

and confirmatory biopsy grade group. Multivariable logistic regression demonstrated MRI-

guided confirmatory biopsy is associated with greater odds of upgrading compared to 

standard systematic TRUS biopsy (OR 4.76, 95% CI 2.90–7.82, p<0.001).
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Figure 2. 
Matched patients undergoing confirmatory MRI-Biopsy (consisting of both a targeted 

biopsy [TB] and zonal systematic biopsy [SB]). Bar graph demonstrates among 

confirmatory MRI-biopsies showing cancer, what proportion had only positive SB cores, 

only positive TB cores or had both positive SB and TB cores. The pie chart demonstrates 

among the cases with positive SB and TB cores, what fraction had a higher Grade Group 

(GG) in the SB cores, in the TB cores, or that had the same GG in the SB and TB cores.
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Table 1.

Baseline characteristics after matching.

Variable Systematic confirmatory 
biopsy (n=257)

MRI confirmatory 
biopsy* (n=257)

p-value

Clinical Characteristics

Median age, years (IQR) 64 (58–69) 61 (56–66) <0.001

Race, n (%) 0.96

 White 202 (78.6) 204 (79.4)

 Black 22 (8.6) 22 (8.6)

 Other 33 (12.8) 31 (12.1)

Clinical T stage, n (%) 0.3

 T1-T2a 253 (98.4) 248 (96.5)

 T2b-T2c 2 (0.8) 3 (1.2)

 Unknown 2 (0.8) 6 (2.3)

Median PSA prior to biopsy, ng/mL 
(IQR) 5.3 (4.1–7.3) 5.3 (4.2–7.7) 0.4

Median prostate volume, cm3 (IQR) 38.8 (29.8–52.3) 38 (31–53) 0.6

Median PSA density, (IQR) 0.13 (0.09–0.20) 0.14 (0.09–0.20) 0.2

Initial Biopsy Characteristics

Median number of cores, (IQR) 12 (12–12) 12 (12–12) 0.02

Median total tumor length, mm 
(IQR) 2 (1–5) 3 (1.5–6) <0.001

Median maximum single core 
length, mm (IQR) 1.5 (1–3) 2.5 (1–4) 0.001

Median number positive cores, 
(IQR) 2 (1–2) 2 (1–2) 0.8

Grade Group, n (%) 1

 1 200 (77.8) 200 (77.8)

 2 55 (21.4) 55 (21.4)

 3 2 (0.78) 2 (0.78)

 4–5 0 0

Risk Group, n (%) 0.9

 Low 179 (69.7) 176 (68.5)

 Intermediate - Favorable 70 (27.2) 71 (27.6)

 Intermediate - Unfavorable 5 (2) 5 (2)

 Unknown 3 (1.2) 5 (1.9)

Confirmatory Biopsy 
Characteristics

Median number of cores, (IQR) 11 (11–11) 13 (12–14) <0.001

Median total tumor length, mm 
(IQR) 4 (1.5–8.3) 13.5 (4–21) <0.001

Median maximum single core 
length, mm (IQR) 3 (1.5–4.8) 6 (2.5–9) <0.001

Median number positive cores, 
(IQR) 2 (1–3) 3 (1–5) 0.005

Grade Group, n (%) <0.001

 Benign 97 (37.7) 32 (12.5)

 1 85 (33.1) 77 (30.0)
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Variable Systematic confirmatory 
biopsy (n=257)

MRI confirmatory 
biopsy* (n=257)

p-value

 2 62 (24.1) 105 (40.9)

 3 8 (3.1) 27 (10.5)

 4–5 5 (1.9) 16 (6.2)

Risk Group (excluding benign 
biopsies), n (%) 0.008

 Low 76 (47.5) 74 (32.9)

 Intermediate - Favorable 65 (40.6) 98 (43.6)

 Intermediate - Unfavorable 14 (8.8) 35 (15.6)

 High 5 (3.1) 13 (5.8)

 Unknown 0 5 (2.2)

Risk Group Change, n (%) <0.001

 Increase 45 (17.5) 113 (44)

 Decrease 106 (41.3) 46 (17.9)

 Equal to initial risk group 103 (40.1) 93 (36.2)

IQR = interquartile range

*
MRI-biopsy consisted of MRI-targeted biopsies and systematic biopsies
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Table 2.

Multivariable logistic regression for upgrading using matched cohorts.

Any upgrading OR 95% CI p-value

Confirmatory Biopsy cohort

 Systematic biopsy Ref

 MRI-biopsy 4.76 2.90–7.82 <0.001

Age 1.05 1.02–1.09 0.001

PSA density 4.00 2.42–6.62 <0.001

Initial biopsy GG

 GG1 Ref

 GG2 0.14 0.07–0.28 <0.001

Initial PSA 0.97 0.91–1.03 0.3

Number of initial biopsy positive cores 1.08 0.90–1.28 0.4

Initial maximum single core tumor length 1.09 0.97–1.23 0.2

Confirmatory biopsy total number of cores 1.01 0.92–1.10 0.9

Grade increase from GG1 to ≥GG2 OR 95% CI p-value

Confirmatory Biopsy cohort

 Systematic biopsy Ref

 MRI-biopsy 3.62 1.97–6.63 <0.001

Age 1.07 1.03–1.11 <0.001

PSA density 4.04 2.16–7.55 <0.001

Initial PSA 0.96 0.88–1.05 0.4

Number of initial biopsy positive cores 0.97 0.76–1.22 0.8

Initial maximum single core tumor length 1.05 0.91–1.22 0.5

Confirmatory biopsy total number of cores 1.00 0.88–1.13 0.98

Grade increase from GG1 to ≥GG3 OR 95% CI p-value

Confirmatory Biopsy cohort

 Systematic biopsy Ref

 MRI-biopsy 5.47 2.23–13.4 <0.001

Age 1.10 1.05–1.17 <0.001

PSA density 5.43 2.85–10.3 <0.001

Confirmatory biopsy total number of cores 1.01 0.90–1.12 0.9

Grade increase from GG1-2 to ≥GG3 OR 95% CI p-value

Confirmatory Biopsy cohort

 Systematic biopsy Ref

 MRI-biopsy 5.07 2.38–10.8 <0.001

Age 1.08 1.03–1.13 0.001

PSA density 7.42 3.43–16.02 <0.001

Initial PSA 0.94 0.88–1.01 0.06
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Number of initial biopsy positive cores 1.02 0.79–1.32 0.9

Initial maximum single core tumor length 0.91 0.75–1.10 0.3

Confirmatory biopsy total number of cores 1.02 0.93–1.13 0.6

GG=grade group, OR = Odds ratio, CI = confidence interval

*
MRI-biopsy consisted of MRI-targeted biopsies and systematic biopsies
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