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Abstract

Purpose—To determine if multiparametric-MRI (mpMRI)-targeted biopsies may replace 

systematic biopsies to detect higher grade prostate cancer (Gleason score ≥ 7), and whether biopsy 

may be avoided based on mpMRI among men with Gleason 3+3 prostate cancer on active 

surveillance (AS).

Materials and Methods—We identified men with previously diagnosed Gleason score 3+3 

prostate cancer on AS who underwent a mpMRI and a follow-up prostate biopsy. Suspicion for 

higher grade cancer was scored on a standardized 5-point scale. All patients received a systematic 

biopsy. Patients with mpMRI regions-of-interest also underwent an MRI-targeted biopsy. The 

detection rate of higher grade cancer was estimated for different mpMRI scores using 3 biopsy 

strategies: systematic, MRI-targeted, and combined.
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Results—Of 206 consecutive men on AS, 135 (66%) had a mpMRI region-of-interest. Overall, 

higher grade cancer was detected in 72 (35%) men. Higher mpMRI score was associated with an 

increased probability of detecting higher grade cancer (Wilcoxon-type trend test p < 0.0001). 

MRI-targeted biopsy detected higher grade cancer in 23% of men. MRI-targeted biopsy alone 

missed higher grade cancers in 17%, 12%, and 10% of patients with mpMRI scores of 3, 4, and 5, 

respectively.

Conclusions—MRI-targeted biopsies increased detection of higher grade cancer for men on AS 

compared to systematic biopsy alone; however a clinically relevant proportion of higher grade 

cancer was detected only using systematic biopsy. Despite the improved detection of disease 

progression using MRI-targeted biopsy, systematic biopsy cannot be excluded as part of 

surveillance for men with low risk prostate cancer.
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1. Introduction

For men diagnosed with Gleason 3+3 prostate cancer, cancer-specific mortality is low, and 

active surveillance (AS) is widely recommended by clinical guidelines [1]. The AS strategy 

requires serial biopsies to detect possibly more aggressive tumors, defined by Gleason grade 

and tumor volume. Currently, systematic transrectal ultrasound (TRUS)-guided prostate 

biopsy is the standard technique, but is limited due to its tendency to misclassify cancer risk 

as suggested by a significant rate of upgrading (23 – 61%) after radical prostatectomy in 

patients meeting different published criteria for AS who undergo surgery [2,3]. In a large 

prospective study of men managed with AS, routine systematic biopsies during follow-up 

detected progression to Gleason grade ≥ 3+4 in only 9.5% after a median follow up of 6.4 

years [4]. Although the baseline risk between groups was varied, the difference in rates of 

upgrade may suggest that some men on AS may be misclassified and harbor higher risk 

disease.

The role of multiparametric MRI (mpMRI) for prostate cancer detection has been evaluated 

in different clinical settings [5–9]. Recent studies suggest MRI-targeted biopsy may be 

superior than systematic biopsy for risk classification [10]. We aimed to evaluate the efficacy 

of prostate MRI-targeted biopsy to detect higher grade cancer (defined here as Gleason 

score≥3+4) and also describe the efficacy to rule out higher grade disease in patients on AS 

for Gleason 3+3 prostate cancer. In addition, we sought to assess whether MRI-targeted 

biopsies may be used instead of systematic biopsy or whether a biopsy might be avoided 

based on the level of suspicion of detecting cancer on imaging depicted by MRI score.

2. Methods and Materials

2.1 Patient cohort

Following institutional review board approval, we reviewed our prospective clinical database 

of men with low risk prostate cancer on AS. We included men with previously confirmed 

clinically localized Gleason grade 3+3 prostate cancer enrolled on AS, who had an mpMRI 
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and a prostate biopsy performed between January 2014 and January 2015. All outside 

biopsies were re-read at our institution. Patients with a diagnosis of Gleason ≥ 3+4 prostate 

cancer, and those that received definitive treatment for prostate cancer were excluded. We 

identified 71 (34%) patients who had no Regions-of Interest (ROI) on mpMRI (mpMRI 

score < 3) who underwent a systematic biopsy and 135 (66%) patients with at least one ROI 

on mpMRI (mpMRI score of 3–5) who underwent an MRI-targeted biopsy of the ROI 

followed by a systematic biopsy of the remaining areas of the prostate. The median number 

of previous biopsies was 2. Our reporting is consistent with standards of reporting for MRI-

targeted biopsy studies (START) guidelines [10].

2.2 Imaging

Patients underwent mpMRI at least 3 months after the previous biopsy. Images were 

acquired under a magnetic field of 1.5-T (n = 24; 12%) with endorrectal coil, or 3-T (n = 

182; 88%) without endorrectal coil. Most of the studies were performed at our institution (n 

= 184, 89%), outside studies were re-read at our institution. MRI systems (GE Healthcare, 

Wisconsin USA) and multichannel phased-array coils were used. Sequences acquired 

included T1-weighted images, T2-weighted images, diffusion-weighted sequences and 

parametric maps of apparent diffusion coefficients, and dynamic contrast-enhanced 

sequence. A detailed description of the planes and acquisition parameters can be found in 

Appendix 1. mpMRIs were evaluated as per standard clinical care by one of six members of 

our institution’s genitourinary (GU) radiology section, with 6 to 15 years of experience in 

GU radiology. mpMRI were scored on a 5-point suspicion Likert scale as previously 

published [11]. This scale was developed in our institution using whole-mount 

prostatectomy specimens as reference. It has been used in multiple studies investigating the 

value of prostate mpMRI [12–15], and appears to be equivalent [16–18] to the original 

version of the recently developed prostate imaging and reporting and data system (PI-

RADS) [19], which is an expert consensus statement and still undergoing wide validation. 

PI-RADS is not used at our institution currently, and therefore not evaluated in this study 

where standard-of-care mpMRI interpretation was assessed. A shape was drawn by the 

radiologist on the T2-weighted images surrounding each ROI where the interpreting 

radiologist’s subjective degree of suspicion for the presence of cancer was at least 50% (eg, 

mpMRI score ≥ 3), for subsequent MRI-targeted biopsy.

2.3 Biopsy

The biopsy operator had access to the radiology report and images that were previously 

interpreted and annotated for targeted biopsy by the reporting radiologist. Patients with no 

ROI identified on mpMRI received a 14-core systematic TRUS-guided prostate biopsy 

consisting of samples obtained from the medial and lateral aspects of the base, middle, and 

apical portions of the prostate bilaterally, along with 2 samples from the transition zone. 

Patients with mpMRI-identified ROI received a targeted biopsy of each ROI, consisting of 2 

cores obtained under visual registration (submitted separately labeled as “cognitive biopsy”) 

and 2 cores obtained under software registration using a computer-assisted elastic image 

fusion system with real-time 3D tracking technology (UroStation; Koelis, Grenoble, France) 

(submitted separately labeled as “fusion biopsy”), followed by a systematic biopsy using the 

same template as described above, but excluding areas that had been previously sampled 
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with the MRI-targeted biopsy. Cores from each area were labeled and submitted separately. 

For analysis purposes, the “systematic biopsy strategy” in patients with ROI on mpMRI 

included the cognitive biopsy cores and the TRUS-guided systematic cores from rest of the 

prostate, to account for the fact that prostate areas that had been previously sampled with 

MRI-targeted biopsy were not re-sampled with the systematic biopsy. The “MRI-targeted 

biopsy strategy” included the cognitive biopsy and the fusion biopsy. The “Combined 

strategy” represented our surrogate gold-standard, and included the cognitive biopsy cores, 

the fusion biopsy cores, and the systematic cores from areas with no ROI on mpMRI. All 

MRI-targeted biopsies were performed by two urologists (BE and JC). All biopsy specimens 

were reviewed at our institution by a dedicated GU pathologist, and reports included 

location of the core, Gleason score, and amount of tumor in millimeters for each core.

2.4 Statistical analysis

To test the association between mpMRI score and the probability of reclassification, we used 

a Wilcoxon-type trend test and we displayed reclassification rates by mpMRI score. To 

assess the predictive value of each biopsy strategy by mpMRI score, we compared the 

number of patients biopsied based on MRI score, the number of higher grade cancers 

detected using the MRI-targeted biopsy versus the number of higher grade cancers detected 

using the systematic and the combined strategy and conversely, the number of higher grade 

cancers missed on MRI-targeted biopsy only versus the other two biopsy strategies including 

those who would have not been biopsied due to a low MRI score. We aimed to determine the 

number of higher grade cancers detected on MRI-targeted biopsy compared to the other 

biopsy strategies, and the number of higher grade cancers missed by the proposed MRI score 

thresholds of ≥3, ≥4, and 5 for biopsy. All analyses were conducted using Stata 12.0 

(StataCorp, College Station, TX, USA).

3. Results

Patient characteristics are displayed in Table 1. Out of the 206 patients, 135 (66%) had at 

least one ROI on mpMRI. In all, higher grade cancer was detected in 72 patients (35%). The 

rate of higher grade cancer detection on systematic biopsy was 11% for those with no ROI 

on mpMRI, while the rate of higher grade cancer detection on the MRI-targeted plus 

systematic biopsy for those with ROI on mpMRI was 47%. Among the 8 patients with no 

ROI on mpMRI in whom higher grade cancer was detected, seven were Gleason grade 3+4, 

and only one was Gleason grade 4+3 (Table 2). The probability of reclassification to 

Gleason grade ≥ 3+4 prostate cancer was associated with increasing level of suspicion for 

higher grade disease based on mpMRI score (Wilcoxon-type trend test, p < 0.0001) in 

Figure 1. MRI-targeted biopsy failed to detect 17% and 12% of higher grade cancers among 

patients with an mpMRI score of 3 and 4, respectively (Figure 2). Higher grade prostate 

cancer was detected in all patients with an mpMRI score of 5; however, MRI-targeted biopsy 

failed to detect the higher grade tumor in 1 (10%) patient (Figures 1 and 2)

Restricting the number of biopsies performed to those with ROI on mpMRI would reduce 

the number of biopsies performed, but would lead to an increased number of missed higher 

grade cancers (Table 3). For example, if we used an mpMRI score ≥ 3 as a threshold to 
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trigger prostate biopsy, then the number of biopsies would be reduced by 35%, the number 

of patients that would fail to be reclassified with higher grade cancer would be 39 per 1000 

patients and the number reclassified would be 311 per 1000 patients. Furthermore, relying 

on an MRI-targeted biopsy alone would increase the number of higher grade cancers that 

would have failed to be detected. For example, if a clinician were to use only the MRI-

targeted biopsy strategy (fusion and cognitive targeting of ROI) in patients with ROI on 

mpMRI, 11% of those not biopsied (because of no ROI on mpMRI) would have higher 

grade cancer and 13% of patients with ROI on mpMRI would have higher grade cancer in 

areas not targeted by mpMRI; this strategy would fail to detect higher grade cancer in 12% 

of all patients.

4. Discussion

In a contemporary cohort of men with Gleason 3+3 prostate cancer on AS who underwent 

mpMRI with systematic biopsy plus MRI-targeted biopsy in those with ROI on MRI, the 

probability of detecting higher grade cancer was associated with the level of suspicion 

determined by mpMRI score. Among men with no ROI on mpMRI who were reclassified 

based on Gleason grade, almost all were discovered to harbor Gleason grade 3+4 prostate 

cancer. Only one of these patients was discovered to harbor a Gleason 4+3 cancer on 

systematic biopsy. In patients with ROI on mpMRI, combining MRI-targeted and systematic 

biopsy techniques resulted in the highest detection rate for higher grade cancer. However, in 

this group of patients with ROI on mpMRI, we discovered that 10% to 17% had higher 

grade cancer in areas without ROI on mpMRI. In these men, the MRI-targeted biopsy 

technique failed to detect the higher grade cancer. These findings can be attributed to tumor 

characteristics such as low tumor volume; patient characteristics resulting in artifacts that 

reduce image quality, such as increased body mass index; issues related to mpMRI 

interpretation; or technical issues related to inadequate fusion of the ultrasound and mpMRI 

images. Above all, these results support the current clinical approach of combining MRI-

targeted biopsy and systematic biopsy techniques. If the decision to perform prostate biopsy 

was determined by mpMRI score, then raising the threshold to an mpMRI score 4 or 5 

would result in an unacceptably high number of men with undiagosed higher grade cancer.

In line with our results, Hu et al [20] reported that in men who met the Epstein criteria for 

insignificant cancer, MRI-targeted biopsy resulted in frequent detection of tumors exceeding 

the Epstein criteria (36%), and upgrading to Gleason score ≥ 7 prostate cancer (23%). In 

addition, all men with a ROI on mpMRI labeled as mpMRI score 5 were reclassified. In a 

study evaluating the rate of reclassification based on mpMRI score for men who underwent 

systematic biopsy only, Vargas et al [21] reported an association between mpMRI score and 

reclassification to Gleason score ≥ 7 prostate cancer. However, it is unclear in prior studies if 

the ROI detected on mpMRI was the index tumor due to a lack of targeted-biopsy 

techniques. The use of mpMRI as a substitute for biopsy is appealing as in this population 

the number of previous biopsies is a known risk factor for infectious complications [22]. 

Siddiqui et al [10] reported that using a nomogram based on mpMRI data will decrease the 

number of confirmatory biopsies in patients on AS by 68%. In our study, if only men with 

ROI on mpMRI (score 3–5) were biopsied using the combined strategy, the number of 

biopsies would decrease by a 34%, but higher grade cancers would fail to be detected in 4% 
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of patients. In a study with fewer men evaluating the role of mpMRI for men on AS, Da 

Rosa el al [23] reported that MRI-targeted biopsy could detect higher grade cancer using 

fewer cores compared to systematic biopsy. In addition, the authors noted that no men were 

reclassified with higher grade prostate cancer if no ROI were seen on mpMRI. In contrast, 

we report higher grade cancer discovered on systematic biopsy in 11% (95% CI: 5–21%) of 

men with no ROI detected on mpMRI. A difference in our study was that more cores were 

obtained during systematic biopsy directed anteriorly in the transition zone. Our findings 

support the role of mpMRI in AS to assess risk and increase detection of higher grade 

prostate cancer by helping guide biopsies (Fig. 3). However, we caution againt using 

mpMRI alone to risk stratify because we identified a small but clinically significant number 

of Gleason ≥7 cancer in patients with no ROI identified on mpMRI, futhermore, we caution 

against using only MRI-targeted biopsy becase we detected a small but clinically significant 

number of Gleason≥7 cancer on systematic biopsy in areas with no ROI on mpMRI.

Some limitations of our study should be noted. Physicians performing the biopsies reviewed 

mpMRI findings prior to performing systematic biopsies (Fig. 4). Among patients with ROI 

on mpMRI, the systematic biopsy was influenced by searching for hypoechoic areas in these 

suspicious regions of the gland, and the “systematic biopsy strategy” included the cognitive 

cores from the ROI plus systematic cores from non-suspicious areas. Therefore, the 

systematic biopsy results may overestimate the diagnostic accuracy systematic biopsy in a 

setting without access to mpMRI data. Had we compared targeted versus systematic biopsy 

without including the cognitive cores in the systematic strategy, our results would have been 

biased in favor of targeted biopsy. We did not have whole-mount prostatectomy specimens to 

determine the positive and negative predictive value of each biopsy technique. Finally, while 

Gleason score is widely accepted as a marker of aggressiveness, our definition of higher 

grade cancer (Gleason score ≥ 7) represents a heterogenous cohort and the clinical outcomes 

of not detecting these tumors is still unclear.

Our study is strengthened by the inclusion of a wide population of AS patients beyond the 

traditional Epstein criteria, and hybrid validation (cognitive+fusion). This may explain the 

high overall reclassification rate compared to previous studies.

5. Conclusions

Among men with low risk prostate cancer on AS, a higher mpMRI score is associated with a 

higher probability of reclassification to Gleason ≥ 3+4 disease. The combination of MRI-

targeted biopsy and systematic biopsy yields the highest number of higher grade cancers 

detected. However, across mpMRI scores, a clinically relevant proportion of Gleason ≥ 3+4 

tumors are detected only using systematic biopsy. Until the technology of MRI-targeted 

biopsy can be improved, systematic biopsy is recommended in all patients regardless of 

mpMRI findings, in addition to targeted biopsy in patients with ROI on mpMRI to identify 

higher Gleason-grade prostate cancer in men on AS.
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Appendix 1. mpMRI: planes acquired and acquisition parameters

The following sequences were acquired: transverse T1-weighted images; transverse, coronal, 

and sagittal T2-weighted images; and transverse diffusion-weighted sequences and 

parametric maps of apparent diffusion coefficients. Most patients (88%) also had a dynamic 

contrast-enhanced, three-dimensional, T1-weighted, spoiled gradient-echo sequence after 

intravenous injection of 0.1 mmol of gadopentetate dimeglumine (Magnevist™, Berlex 

Laboratories, Montville, New Jersey, USA) per kilogram of body weight. Acquisition 

parameters (range) for T1-weighted images were repetition time (TR) (400–1583.34 msec), 

echo time (TE) (6.016–15.756 msec), slice thickness (3–7 mm), interslice gap (0 – 2 mm), 

and field of view (FOV) (256×256 – 512×512 mm); for T2-weighted images were TR 

(2820–8410 msec), TE (88–125.4 msec), slice thickness (3–4 mm), interslice gap (0 mm) 

and FOV (256×256 – 512×512 mm); and for diffusion-weighted imagery were TR (3500–

8200 msec), TE (60.5–101.8 msec), slice thickness (3–4 mm), interslice gap (0 mm), and 

FOV (256×256 – 512×512); b values used were 0 and 1000 sec/mm2. Acquisition 

parameters were similar between in-house and outside studies.

List of Abbreviations

AS Active surveillance

GU Genitourinary

mpMRI multiparametric magnetic resonance imaging

ROI Regions-of-Interest

TRUS Transrectal Ultrasound
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Fig. 1. 
Percentage of patients who were reclassified from Gleason 3+3 to Gleason ≥ 3+4 stratified 

by mpMRI score. The number of patients who satisfied each mpMRI score is indicated on 

the x-axis.
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Fig. 2. 
Reclassification rates from Gleason 3+3 to Gleason ≥ 3+4 stratified by mpMRI score. The 

black represents the higher grade cancers detected using MRI-targeted biopsy and the grey 

represents the higher grade cancers detected only on any biopsy. The numbers above the bars 

represent the number of higher grade cancers missed on MRI-targeted biopsy but were 

detected on systematic biopsy and the corresponding percentage.
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Fig.3. 
Prostate mpMRI images from a patient with MRI score 4, and biopsy confirmed Gleason 

4+4 3a. Apparent-diffusion coefficient (ADC); 3b. Axial T2-weighted image; 3c. Diffusion 

weighted image; 3d. Dynamic contrast-enhanced image
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Fig. 4. 
Diagram completed prior to cognitive biopsy. This patient had an MRI score of 4 and the 

MRI-targeted biopsy confirmed Gleason 4+4
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Table 1

Patient characteristics

Characteristic N=206

Age at biopsy 63 (57, 68)

MRI score

 1 – 2 (No lesion) 71 (34%)

 3 18 (8.7%)

 4 107 (52%)

 5 10 (4.9%)

Total PSA (ng/mL) 5.2 (3.8, 7.4)

Prostate volume (mL) 40.5 (29.0, 54.0)

Total PSA Density (ng/mL/mL) 0.13 (0.08, 0.19)

Number of positive cores on biopsy (N=150) 2 (1, 3)

Length of largest positive core (mm) (N=145) 3 (2, 5)

Values are displayed as median (interquartile range) or frequency (percentage).
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